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A 54-year-old woman presented with a 4-month 
history of progressively worsening asthenia and falls 
and 5 days of dyspnea. On exam, there was also head 
drop and mild symmetric weakness of the proximal 
upper and lower limbs. The creatine kinase level was 
373 U per liter (reference range, 24 to 173). Magnetic 
resonance imaging of the head and cervical spine was 
notable for fatty infiltration of the tongue and 
paravertebral muscles. Which of the following is the 
most likely disease category?

Age-related sarcopenia

Cervical myelopathy

Hypercholesterolemia

Infectious myositis

Lysosomal storage disease

Physical examination of the tongue showed 
macroglossia. Owing to clinical suspicion of an 
underlying metabolic myopathy, enzymatic and 
genetic tests were done. Enzymatic activity of acid 
α-glucosidase in leukocytes was low, and genetic 
testing identified compound heterozygosity for 
pathogenic variants in GAA. A diagnosis of late-
onset Pompe disease, an autosomal recessive 
lysosomal disorder that manifests as a skeletal 
myopathy, was made.



Die Late-Onset Pompe Disease (LOPD), auch 
spätsicherer oder adulter Morbus Pompe genannt, ist 
eine seltene, vererbte Stoffwechselkrankheit, bei der 
sich Zucker (Glykogen) in den Muskelzellen 
ansammelt. 

Was ist LOPD?

• Ursache: Ein Mangel oder Defekt des Enzyms saure 
Alpha-Glukosidase (GAA). Das Gen dafür ist 
verändert.

• Ablauf: Der Körper kann Glykogen in den 
Zellbläschen (Lysosomen) nicht richtig abbauen. 
Dadurch schwellen die Zellen an und die Muskeln 
werden über die Zeit geschwächt. 

• Unterschied zur Babyform: Im Gegensatz zur 
schweren infantilen Form (IOPD), die im ersten 
Lebensjahr auftritt, bricht LOPD erst im Jugend- 
oder Erwachsenenalter aus.



BCL11A ist ein Protein-codierendes Gen auf Chromosom 2, das 
als wichtiger Transkriptionsfaktor die Blutbildung und die 
Entwicklung des Gehirns steuert. 

Funktion und Bedeutung

• Hämoglobin-Schalter: BCL11A steuert den Wechsel von 
fetalem Hämoglobin (HbF) zu adultem Hämoglobin (HbA) 
nach der Geburt, indem es die Gamma-Globin-
Genexpression unterdrückt.

• Therapeutisches Ziel: Die gezielte Abschaltung oder 
Reduktion von BCL11A in Blutstammzellen reaktiviert das 
gesunde fetale Hämoglobin. Dies ist ein wichtiger Ansatz 
zur Behandlung von Sichelzellanämie und Beta-
Thalassämie.

• Entwicklungsstörungen: Mutationen oder Deletionen im 
BCL11A-Gen können zu neurologischen 
Entwicklungsstörungen, Intelligenzminderung, 
Sprachverzögerungen und Autismus-Spekum-Störungen 
führen. Locus control region = LCR



Sickle cell disease and β-thalassemia are highly 
prevalent inherited conditions associated with serious 
complications and a shortened life span. Transfusions 
in patients with severe β-thalassemia and hydroxyurea 
therapy in those with sickle cell disease can improve 
outcomes for many of these patients, yet early 
diagnosis, consistent access to safe blood products, 
and effective disease-modifying therapies are not 
universally available. Chronic organ injury and iron 
overload ultimately add to the disease burden on 
persons with these conditions, which affects their 
quality of life and longevity. Until recently, access to 
curative options had been limited primarily by the lack 
of a suitable donor for most patients. The emergence 
of genetic therapies (gene addition and gene editing) 
has added an exciting and much-needed opportunity 
for durable, transformational treatment.



Exa-cel (Exagamglogen-autotemcel ist die erste zugelassene 
Gentherapie, die auf der Gen-Schere CRISPR/Cas9 basiert.

Was ist Exa-cel?

• Wirkungsweise: Patienteneigene Blutstammzellen werden 
im Labor mit CRISPR/Cas9 so verändert, dass sie wieder 
fetales Hämoglobin (HbF) produzieren. 

• Technologie: Die Gen-Schere schneidet gezielt einen Teil 
der DNA (im BCL11A-Gen) aus, welcher die HbF-Bildung 
normalerweise unterdrückt.

Behandelte Krankheiten

• Schwere Sichelzellkrankheit (SCD): Verringert schmerzhafte 
Gefäßverschlüsse.

• Transfusionsabhängige β-Thalassämie (TDT): Ermöglicht oft 
ein Leben ohne regelmäßige Bluttransfusionen. Der Ablauf einer Behandlung mit Exa-cel (Exagamglogen-autotemcel) 

entspricht im Kern einer autologen Stammzelltransplantation, allerdings 
mit einer entscheidenden Besonderheit: Die Zellen werden vor dem 
Zurückgeben genetisch verändert.



Exagamglogene autotemcel (exa-cel) is a cell therapy in which autologous CD34+ 
hematopoietic cells are engineered through ex vivo clustered regularly interspaced short 
palindromic repeats–Cas9 editing of the erythroid-specific enhancer region of BCL11A to 
express fetal hemoglobin. In phase 3 studies involving participants 12 to 35 years of age with 
sickle cell disease or transfusion-dependent β-thalassemia, exa-cel eliminated vaso-occlusive 
crises and the need for red-cell transfusions. In two ongoing, phase 3, open-label, single-
group studies, we evaluated exa-cel in children 5 to 11 years of age with transfusion-
dependent β-thalassemia or sickle cell disease. Before exa-cel infusion, participants 
underwent myeloablative conditioning with pharmacokinetically dose-adjusted busulfan. The 
primary end points were transfusion independence for at least 12 consecutive months in 
children with transfusion-dependent β-thalassemia and freedom from severe vaso-occlusive 
crises for at least 12 consecutive months in children with sickle cell disease.
Conclusions
Exa-cel therapy resulted in transfusion independence or freedom from severe vaso-occlusive 
crises in participants with transfusion-dependent β-thalassemia or sickle cell disease, 
respectively, who were followed for at least 16 months. All the participants had grade 3 or 4 
adverse events. (Funded by Vertex Pharmaceuticals and CRISPR Therapeutics.)



Transfusion-dependent β-thalassemia and sickle cell disease are severe, monogenic 
hemoglobinopathies caused by mutations in HBB — the gene encoding β-globin 
chains — with onset during infancy, coinciding with the switch from fetal hemoglobin 
to adult hemoglobin. Transfusion-dependent β-thalassemia is treated with regular, 
lifelong red-cell transfusions and iron chelation to control iron overload; sickle cell 
disease is characterized by painful vaso-occlusive crises and chronic hemolytic anemia. 
Both diseases can lead to progressive end-organ damage and early death.
Exagamglogene autotemcel (exa-cel) is a nonviral cell therapy approved for 
adolescents and adults with transfusion-dependent β-thalassemia or sickle cell 
disease that reactivates fetal hemoglobin synthesis through ex vivo clustered regularly 
interspaced short palindromic repeats (CRISPR)–Cas9 gene-editing of CD34+ 
autologous hematopoietic stem and progenitor cells at the erythroid-specific 
enhancer region of BCL11A. In two phase 3 pivotal studies involving participants 12 to 
35 years of age, exa-cel infusion resulted in transfusion independence in 91% of the 
participants with transfusion-dependent β-thalassemia and elimination of severe 
vaso-occlusive crises in 97% of the participants with sickle cell disease. We 
hypothesized that the benefits of exa-cel would be equivalent in younger patients.



For the manufacture of exa-cel, CD34+ hematopoietic stem and progenitor cells were 
mobilized with the use of granulocyte colony-stimulating factor and plerixafor in children 
with transfusion-dependent β-thalassemia and with plerixafor alone in children with sickle 
cell disease and were then collected through apheresis for up to 3 consecutive days 
(collection target, 15×106 CD34+ cells per kilogram of body weight). Exa-cel was 
manufactured from the autologous CD34+ cells with the use of CRISPR-Cas9 and a single-
guide RNA targeting the BCL11A erythroid-specific enhancer region. Before receiving the 
exa-cel infusion, children received myeloablative conditioning with pharmacokinetically 
adjusted busulfan for 4 days (cumulative area under the curve [AUC] target, 82 mg·hour per 
liter; range, 74 to 90 mg·hour per liter). Initially, busulfan was administered either once 
daily or every 6 hours, but the protocol in both studies was amended to allow dose 
administration only every 6 hours to minimize variability in exposure. Exa-cel was infused 
intravenously through a central venous catheter 2 to 7 days after completion of busulfan 
administration. 
End Points
In CLIMB THAL-141, the primary end point was transfusion independence, defined by a 
weighted average hemoglobin level of at least 9 g per deciliter without red-cell transfusion 
for at least 12 consecutive months.





Transfusion Status and Changes in Hemoglobin and Fetal Hemoglobin 
Concentrations after Exa-cel Infusion in Children with Transfusion-
Dependent β-Thalassemia (CLIMB THAL-141).
Panel A shows the transfusion status for all 15 children with transfusion-
dependent β-thalassemia in the full analysis population (all the children 
who received an infusion of exagamglogene autotemcel [exa-cel]). The red 
boxes indicate time from exa-cel infusion to last adjudicated red-cell 
transfusion for post-transplantation support or transfusion-dependent β-
thalassemia management. The dark-gray boxes indicate the 60-day washout 
period after the last transfusion. The blue boxes and blue numbers indicate 
the time without red-cell transfusions (indicated by the blue numbers) 
starting from the end of the washout period to the data cutoff at the 
interim analysis. All red-cell transfusions that occurred after administration 
of exa-cel were adjudicated by the independent end-point adjudication 
committee. Participants 1 through 8 could be evaluated for the primary end 
point (transfusion independence for at least 12 consecutive months) and 
comprised the primary efficacy population. Participant 13 had a serious 
adverse event of veno-occlusive liver disease that was considered by the 
investigator to be related to busulfan and not related to exa-cel, with 
subsequent multiorgan failure and pneumonia resulting in death on study 
day 132. Panels B and C show the mean total hemoglobin and fetal 
hemoglobin concentrations, respectively, according to trial visit during the 
follow-up period for all 15 children in the full analysis population. Dots 
indicate means, and 𝙸 bars indicate 95% confidence intervals (shown only 
for time points with ≥5 children), which should not be used in place of 
hypothesis testing. The number of children evaluated at each time point is 
shown below the x axis. The dashed lines in Panel B indicate the upper and 
lower limits of the age-adjusted normal range (11.5 to 15.5 g per deciliter).







Discussion
These two ongoing phase 3 studies of exa-cel included children 5 to 11 years of age 
with transfusion-dependent β-thalassemia or severe sickle cell disease. Each of the 
eight children with transfusion-dependent β-thalassemia who could be evaluated 
were transfusion independent for at least 12 consecutive months, and each of the 
eight children with sickle cell disease who could be evaluated were free from vaso-
occlusive crises for at least 12 consecutive months (the primary end points); the 
status of the remaining seven children and the remaining three children, 
respectively, was not evaluable. None of the children with transfusion-dependent β-
thalassemia had transfusions after the 60-day washout period, and none of the 
children with sickle cell disease had vaso-occlusive crises after exa-cel infusion. The 
mean duration of transfusion independence and of freedom from vaso-occlusive 
crises was 23.4 months and 19.0 months, respectively. In both studies, increases in 
fetal hemoglobin concentrations resulted in mean total hemoglobin concentrations 
in the normal range, with pancellular fetal hemoglobin distribution. 



Phospholipase A2 (PLA2) bezeichnet eine Gruppe von 
Enzymen, die die hydrolytische Abspaltung von 
Fettsäuren am C2-Atom (sn-2-Position) von 
Phospholipiden katalysieren.

Biologische Funktion und Bedeutung

• Lipidstoffwechsel: PLA2-Enzyme sind essenziell für 
den Abbau und Umbau von Membranphospholipiden 
in eukaryotischen Zellen.

• Signaltransduktion: Sie setzen Arachidonsäure frei, 
welche als Ausgangssubstrat für die Biosynthese von 
Entzündungsmediatoren (wie Prostaglandinen und 
Leukotrienen) dient.

• Toxine: PLA2-Isoformen sind häufig 
Hauptbestandteile von Schlangen-, Insekten- und 
Skorpiongiften, wo sie Zellmembranen zerstören.



Der Phospholipase-A2-Rezeptor (PLA2R) ist ein Typ-1-
Transmembranprotein, das vor allem in den Nieren von den 
Podozyten (speziellen Zellen der Nierenkörperchen) exprimiert 
wird.

In der Medizin spielt er eine entscheidende Rolle als 
Zielstruktur (Antigen) bei Autoimmunerkrankungen der Niere. 

1. Physiologische Funktion (Im gesunden Körper)

Die genaue biologische Hauptfunktion im gesunden Menschen 
ist noch nicht vollständig entschlüsselt. Bekannt ist jedoch:

• Regulation von Enzymen: Er bindet verschiedene Typen des 
Enzyms Phospholipase A2 und steuert deren Aktivität 
(positive oder negative Regulation).

• Zellschutz & Clearance: Er hilft dabei, diese Phospholipasen 
aus dem Gewebe zu entfernen (Clearance) und ist an 
allgemeinen regulatorischen Prozessen der Zelle beteiligt. 

• Struktur: Er gehört zur Familie der Mannose-Rezeptoren 
und kann zuckerähnliche Strukturen (Lektine) binden



Die membranöse Glomerulonephritis (MGN) ist eine 
chronische Entzündung der Nierenkörperchen und die 
häufigste Ursache für ein nephrotisches Syndrom bei 
Erwachsenen. 

Was ist die MGN?

• Krankheitsbild: Antikörper lagern sich an den 
Filterstrukturen der Niere (Basalmembran) ab.

• Folgen: Großer Eiweißverlust über den Urin 
(Proteinurie), Wassereinlagerungen (Ödeme) und 
Fettstoffwechselstörungen.

• Ursachen: Meistens primär (autoimmun durch 
Antikörper wie Anti-PLA2R), seltener sekundär durch 
Infektionen, Medikamente oder andere 
Erkrankungen. 



Studies of obinutuzumab, a type II anti-CD20 antibody, have 
shown efficacy in the treatment of hematologic cancers and 
autoimmune diseases. An evaluation of the efficacy and safety 
of obinutuzumab in patients with primary membranous 
nephropathy is needed.
In a phase 3 trial, we randomly assigned adults with primary 
membranous nephropathy in a 1:1 ratio to receive intravenous 
obinutuzumab or oral tacrolimus. The primary end point was 
complete remission (defined as a urinary protein-to-creatinine 
ratio of 0.3 or lower and a stable estimated glomerular 
filtration rate [eGFR]) at week 104. Key secondary end points 
were complete or partial remission at week 104, complete 
remission at week 76, a sustained reduction in the eGFR of at 
least 30%, duration of complete remission, and change in the 
Patient-Reported Outcomes Measurement Information System 
Fatigue T score from baseline to week 104. Fixed-sequence 
hierarchical testing was performed. Safety was assessed.



Primary membranous nephropathy is the most common cause of idiopathic nephrotic 
syndrome in adults without diabetes. Approximately 70 to 80% of patients with membranous 
nephropathy have circulating anti–phospholipase A2 receptor (anti-PLA2R) autoantibodies. 
Initial supportive management includes renin–angiotensin–aldosterone system blockade. 
Patients with persistent nephrotic syndrome receive immunosuppressive therapy. Treatment 
with glucocorticoids, cytotoxic medications, or calcineurin inhibitors is often effective but may 
result in substantial side effects, including hypertension, nephrotoxic effects, infertility, and 
infections. In the Membranous Nephropathy Trial of Rituximab (MENTOR) trial, the type I anti-
CD20 monoclonal antibody rituximab was superior to cyclosporine in maintaining remission of 
proteinuria for up to 24 months in patients with primary membranous nephropathy.
Obinutuzumab, a glycoengineered type II anti-CD20 monoclonal IgG1 antibody, has been 
associated with enhanced antibody-dependent cell-mediated cytotoxicity and phagocytosis, 
enhanced direct B-cell death, and less reliance on complement-dependent cytotoxicity as 
compared with type I anti-CD20 antibodies — features that result in more profound and 
durable B-cell depletion. We report the results of the MAJESTY trial, a phase 3, multicenter, 
open-label, randomized, active-comparator trial evaluating the efficacy and safety of 
obinutuzumab as compared with tacrolimus in patients with primary membranous 
nephropathy.



Trial Procedures
The trial consisted of the following periods: screening, open-label treatment, escape 
treatment, long-term follow-up, and safety follow-up. Patients were randomly assigned in 
a 1:1 ratio to receive intravenous obinutuzumab or oral tacrolimus. Obinutuzumab was 
administered in an intravenous infusion at a dose of 1000 mg on day 1 and during weeks 
2, 24, and 26. Tacrolimus was administered orally at an initial dose of 0.05 mg per 
kilogram of body weight per day, which was adjusted to maintain a target trough 
concentration of 5 to 7 ng per milliliter through week 52 and then tapered over a period 
of 8 weeks. Randomization was performed centrally with the use of an interactive voice- 
and Web-based response system and a block design. Randomization was stratified 
according to geographic region (United States, Canada, and Europe vs. the rest of the 
world) and anti-PLA2R autoantibody level (≥175 U per milliliter vs. <175 U per milliliter).
Assessment of Efficacy End Points
The primary end point was complete remission at week 104. Complete remission was 
defined as a 24-hour UPCR of 0.3 or lower and a stable eGFR (an eGFR ≥85% of the 
baseline rate, calculated with the Chronic Kidney Disease Epidemiology Collaboration 
equation).



Primary and Key Secondary Efficacy End Points.



Complete Remission at Weeks 52, 76, and 104.
Shown is the percentage of patients who had 
complete remission at week 52, week 76, and 
week 104.







Der deutsche Begriff für functional coronary 
angiography lautet funktionelle Koronarangiografie 
(oder funktionelle Koronardiagnostik). 

Während die klassische, rein anatomische 
Koronarangiografie lediglich die Struktur und Engstellen 
(Stenosen) der Herzkranzgefäße sichtbar macht, prüft die 
funktionelle Variante, wie stark diese Engstellen den 
Blutfluss tatsächlich behindern und ob sie eine relevante 
Durchblutungsstörung des Herzmuskels verursachen

Benötigte Nachrüstung für einen bestehenden Katheterplatz

• Hardware-Module: Moderne Elektrophysiologie- und 
Hämodynamik-Messplätze im HKL verfügen meist über 
vorbereitete Einschübe oder Schnittstellen. Es wird lediglich 
eine Verbindungseinheit (ein integriertes Modul des 
Systemherstellers oder eine separate mobile Konsole) 
benötigt, um das Signal des Druckdrahtes zu verarbeiten

• The Image: The doctor takes standard 2D X-ray images of the coronary 
arteries from different angles.

• The Software: Advanced computer algorithms reconstruct these images 
into a 3D digital model of the heart's arteries.

• Fluid Dynamics: The software uses computational fluid dynamics to 
calculate how blood flows through the mathematical model, estimating the 
pressure drop without physically threading a sensor across the blockage.



Complete coronary-artery revascularization is 
recommended in patients with ST-segment elevation 
myocardial infarction (STEMI) and multivessel disease, 
but the preferred strategy for identifying nonculprit 
lesions that warrant treatment remains uncertain. In this 
international, randomized trial, we assigned patients 
with STEMI and multivessel disease in whom the culprit 
lesion had been successfully treated to undergo 
complete coronary-artery revascularization guided by 
functional coronary angiography (physiology-guided 
group) or by conventional angiography (angiography-
guided group). The primary outcome was a composite of 
death from any cause, myocardial infarction, 
cerebrovascular accident (stroke or transient ischemic 
attack), or ischemia-driven revascularization, assessed in 
a time-to-event analysis. The primary safety outcome 
was a composite of contrast-associated acute kidney 
injury or major bleeding.



Complete coronary-artery revascularization has become the standard of care for patients 
presenting with ST-segment elevation myocardial infarction (STEMI) and multivessel 
coronary artery disease. However, the appropriate strategy for identifying which nonculprit 
lesions warrant revascularization remains uncertain. In clinical practice, decisions regarding 
nonculprit lesions are still largely based on angiographic assessment despite its limited 
ability to define lesions that are functionally important and warrant revascularization. 
Functional coronary angiography is now available and enables an assessment of coronary 
physiology directly from angiographic images, including both fractional flow reserve (FFR) 
estimates and pullback analysis, without the need for pressure wires or hyperemic agents. 
In patients with chronic coronary syndromes and intermediate lesions, this approach has 
been shown to be noninferior to wire-based FFR and superior to angiography-guided 
decision making. However, evidence regarding the role of functional coronary angiography 
in the treatment of patients with STEMI and multivessel coronary artery disease remains 
limited. We conducted the international, randomized Functional Coronary Angiography to 
Indicate and Guide Revascularization in STEMI Patients with Multivessel Disease (AIR-STEMI) 
trial to evaluate whether a strategy of complete coronary-artery revascularization guided by 
functional coronary angiography is superior to one guided by conventional angiography in 
patients with STEMI and multivessel disease.



Patients
Patients were eligible if they were hospitalized with a STEMI, had undergone successful percutaneous 
coronary intervention (PCI) of the culprit lesion, and had multivessel coronary artery disease with at least one 
lesion in a nonculprit coronary artery with a reference vessel diameter of at least 2.5 mm and an 
angiographically estimated diameter stenosis of 50 to 99%. Key exclusion criteria were the inability to identify 
a clear culprit lesion, presence of a nonculprit lesion in the left main coronary artery, planned or previous 
surgical revascularization, and life expectancy of less than 1 year. 
Treatments and Follow-up
Patients in the physiology-guided group underwent functional coronary angiography assessment of all 
nonculprit lesions with an angiographically estimated diameter stenosis of 50% or greater. Functional 
coronary angiography consisted of an estimation of the distal FFR value in the nonculprit vessel; lesions with 
an FFR value of 0.80 or less were considered to be functionally important and were treated with PCI in 
accordance with a virtual-PCI plan that was based on the FFR pullback curve. Analyses were performed at a 
central core laboratory with the use of angiography-derived FFR software, including Murray law–based 
quantitative flow ratio (AngioPlus Core, Pulse Medical Imaging Technology) and vessel FFR (CAAS vFFR, Pie 
Medical Imaging). PCI of lesions with negative functional assessment (value, >0.80) was considered to be a 
protocol violation. Patients in the angiography-guided group underwent PCI of all nonculprit lesions with an 
angiographically estimated diameter stenosis of 50% or greater.
Outcomes
The primary outcome was a composite of death from any cause, myocardial infarction, cerebrovascular 
accident (stroke or transient ischemic attack), or ischemia-driven revascularization, assessed in a time-to-
event analysis.



Procedural Data.



Efficacy and Safety Outcomes.

Primary-Outcome Events after Revascularization.
Patients were randomly assigned to undergo physiology-
guided revascularization or angiography-guided 
revascularization. 







Eine Methämoglobinämie ist eine Bluterkrankung, bei 
der das Eisen im Hämoglobin von der doppelwertigen 
(Fe²⁺) in die dreiwertige (Fe³⁺) Form oxidiert ist, wodurch 
es funktionsunfähig für den Sauerstofftransport wird.

Ursachen und Formen

• Angeborene Form (kongenital): Beruht meist auf 
einem genetischen Mangel des Enzyms NADH-
Cytochrom-b5-Reduktase oder dem Vorkommen 
struktureller Hämoglobinvarianten (HbM). 

• Erworbene Form (acquired): Die weitaus häufigere 
Form entsteht akut durch den Kontakt mit 
oxidierenden Chemikalien oder Medikamenten. 

• Auslösende Substanzen: Dazu gehören 
Lokalanästhetika wie Benzocain und Prilocain, 
Medikamente wie Dapson oder Sulfonamide, sowie 
Nitrite/Nitrate in Lebensmitteln oder verunreinigtem 
Brunnenwasser (besonders gefährlich für Säuglinge). 





N-Methylanilin (auch N-Monomethylanilin oder NMA) ist eine 
organisch-chemische Verbindung aus der Gruppe der 
sekundären aromatischen Amine. Es besitzt die Summenformel 
C₇H₉N (Strukturformel: C₆H₅NHCH₃) und ist ein Derivat des 
Anilins, bei dem ein Wasserstoffatom der Aminogruppe durch 
eine Methylgruppe substituiert wurde. 

1. Wirkungsmechanismus

• Oxidation des Eisens: Das Hämoglobin (Hb) in den roten 
Blutkörperchen enthält zweiwertiges Eisen (Fe²⁺), das für 
den Sauerstofftransport verantwortlich ist. N-Methylanilin 
(bzw. dessen Abbauprodukte) führt zu einer Oxidation 
dieses Eisens in die dreiwertige Form (Fe³⁺).

Cytochrome B5 reductase



Migrants crossing the Central Mediterranean sea route travel in overcrowded vessels, where 
fuel may leak and contaminate seawater accumulating on the vessel floor, resulting in 
prolonged dermal exposure and fuel-related skin injuries. Since March 2024, clusters of 
cases of severe acquired methemoglobinemia with no apparent cause have been identified 
by clinicians in Lampedusa at disembarkation among migrants arriving in Italy.
We conducted a coordinated clinical and toxicologic investigation to characterize these cases 
and identify the underlying cause. Biologic samples were obtained from a subset of patients 
and analyzed for methemoglobin-inducing agents. A fuel sample from a vessel associated 
with one of the case clusters was also analyzed.
Conclusions
This investigation identified dermal absorption of the gasoline additive N-methylaniline from 
fuel-contaminated seawater as the likely cause of recurrent, life-threatening 
methemoglobinemia associated with maritime migration. These findings underscore the 
importance of methylene blue availability and frontline diagnostic capacity in settings where 
similar exposure conditions may occur.



The Central Mediterranean sea route, connecting primarily Libya and Tunisia with southern 
Italy, is one of the major maritime migration routes to Europe and has been associated with 
the largest number of reported migrant deaths and disappearances worldwide. Migrants 
commonly spend many hours or even days in overcrowded, unseaworthy vessels, where fuel 
may leak and contaminate seawater accumulating on the floor of the boat, resulting in 
prolonged dermal contact. Acute conditions, including hydrocarbon inhalation and fuel burns, 
have been described in this setting. However, reports of severe acquired methemoglobinemia, 
an uncommon but potentially life-threatening condition, have been lacking in the context of 
maritime migration.
Beginning in March 2024, clinicians in Lampedusa, Italy, a primary point of arrival along the 
Central Mediterranean route, identified clusters of migrants presenting at disembarkation with 
severe methemoglobinemia. The recurrence of these cases suggested a shared exposure in 
this context. We conducted a coordinated clinical and toxicologic investigation to characterize 
these cases and identify the underlying cause.



Case Identification
Cases were first identified in March 2024 during routine clinical evaluation of migrants at 
disembarkation in the emergency health care facility in Lampedusa, Italy. Elevated 
methemoglobin levels were incidentally detected on arterial blood gas analysis with CO-
oximetry (a multiwavelength test that measures abnormal types of hemoglobin in the blood, 
including carboxyhemoglobin and methemoglobin), prompting consultation with the Pavia 
Poison Control Center (PPCC), a national referral center for clinical toxicology. These early 
cases served as sentinel events, initiating a coordinated investigation through the PPCC.
As additional cases were identified, a recurring clinical pattern was recognized, and targeted 
assessment was progressively incorporated into triage at disembarkation and subsequent 
evaluation. The cases included in this investigation were identified between March 2024 and 
December 2025 from toxicologic consultation requests to the PPCC. Requests originated 
primarily from clinicians at the emergency health care facility in Lampedusa and from referral 
hospitals in Sicily, with a small number from other points of arrival.
Migrants who had an elevated methemoglobin level detected at the initial evaluation after 
disembarkation were included in the study. Cases were grouped according to the date of 
disembarkation to assess temporal clustering.



Clinical Management
Clinical coordination among the PPCC, clinicians in Lampedusa, and referral hospitals was 
established to support case identification and management. The health care facility in 
Lampedusa faced considerable logistic and resource constraints, including limited laboratory 
capacity, lack of access to blood transfusion, and reliance on a single helicopter for transfer 
to referral hospitals in Sicily. Accordingly, a standardized management protocol that was 
based on methemoglobin levels, the presence of anemia, and clinical severity was 
implemented in Lampedusa to guide treatment and prioritize transfers. Methylene blue (a 
treatment for methemoglobinemia), which had been initially unavailable in Lampedusa, was 
subsequently stocked on site.

Toxicologic Investigation
The PPCC coordinated the obtaining of biologic samples from a subset of patients to identify 
potential causative agents. Samples were obtained at referral hospitals 6 to 48 hours after 
disembarkation. Timing and collection depended on logistic feasibility.



Detection and Concentrations of N-Methylaniline, 
Aniline, and Their Metabolites in Biologic Samples 
from 39 Patients.

Clinical and Demographic Characteristics 

Severe methemoglobinemia can be associated with spontaneous splenic 
rupture. While historically distinct, recent clinical evidence—notably a 
landmark September 2026 study published in the New England Journal of 
Medicine (NEJM)—has firmly established a link between the two conditions.

https://www.nejm.org/doi/full/10.1056/NEJMoa2606487




Discussion
This investigation identified N-methylaniline exposure as the likely cause of severe 
methemoglobinemia in migrants rescued along the Central Mediterranean sea route. The 
repeated occurrence of severe methemoglobinemia at initial evaluation after disembarkation, 
with temporal clustering and the involvement of migrants from diverse geographic origins, 
suggested a shared exposure during maritime transit. No apparent cause of methemoglobinemia 
emerged from the initial clinical evaluation. Fuel exposure was the only consistent finding; 
however, gasoline is not known to cause methemoglobinemia, a factor that prompted further 
investigation.
These findings identify a cause of severe, recurrent methemoglobinemia in migrants along the 
Central Mediterranean sea route, which was attributable to dermal absorption of N-methylaniline 
from fuel-contaminated seawater during maritime transit. The resulting severe 
methemoglobinemia is frequently life-threatening, and prompt recognition and treatment with 
methylene blue are critical, even in resource-limited reception settings where this antidote may 
not be routinely available. Ensuring the availability of methylene blue and frontline diagnostic 
capacity, including pulse CO-oximetry and rapid point-of-care G6PD testing, is essential to improve 
outcomes in prehospital and maritime rescue settings where similar exposure conditions may 
occur.



Summary
Revolutions in transplantation and targeted and immune therapies have transformed 
multiple myeloma from a disease with an associated survival of a few years into one 
for which functional cure is an emerging goal. This abundance of effective therapies 
has created clinical complexity. Here we provide a practical framework, anchored in 
trial evidence and informed by emerging biologic discoveries, for the navigation of 
treatment decisions across the disease spectrum. We outline how cytogenetic and 
genomic risk stratification, functional fitness, and measurable residual disease status 
individualize therapy in newly diagnosed disease, in which quadruplet induction 
therapy is now standard and the role of autologous transplantation is being 
reevaluated. Regarding relapse, we address the sequencing of B-cell maturation 
antigen–directed chimeric antigen receptor (CAR) T cells, bispecific antibodies, and 
antibody–drug conjugates, emphasizing T-cell fitness and multiantigen targeting to 
counter exhaustion and antigen escape. We also consider early interception in high-
risk smoldering myeloma. Throughout, we underscore that enrollment of patients in 
clinical trials should be considered in order to ensure continued progress.







Risk Stratification — the Foundation of Individualized Therapy
Treatment decisions begin with assessment of the biologic characteristics of the 
disease. Multiple myeloma is not one disease but a collection of genetically distinct 
entities with divergent natural histories and treatment sensitivities. The 
International Myeloma Society (IMS)–International Myeloma Working Group 
(IMWG) 2025 Consensus Genomic Staging defines high-risk disease as the presence 
of a del(17p) or TP53 mutation or both (≥20% of clonal plasma cells); biallelic 
del(1p); t(4;14), t(14;16), or t(14;20) with 1q gain or amplification or del(1p); or 1q 
gain or amplification with del(1p). Double-hit myeloma (characterized by two or 
more high-risk cytogenetic features) carries the poorest prognosis, and intensified 
therapy (including ASCT regardless of MRD status) and doublet maintenance are 
recommended. This risk-adapted framework represents expert consensus rather 
than a strategy that has been prospectively proven to be superior.



Newly Diagnosed Myeloma
First Decision — Transplantation Eligibility
The initial consideration in the treatment of a patient with newly diagnosed multiple 
myeloma is whether the patient is eligible to undergo transplantation. On the basis of 
functional assessment, patients can undergo ASCT safely well into the eighth decade of 
life. Because four-drug combinations are now primary therapy for patients who are 
eligible for transplantation and for fit patients who are transplantation-ineligible, the 
decision regarding transplantation need not be finalized at diagnosis and can be deferred 
until the response to induction is known.
For transplantation-eligible patients, ASCT remains a frontline option, but in the era of 
four-drug induction and immunotherapy, its role is increasingly being reevaluated. 





Algorithm Showing Second-Line Treatment in Relapsed or Refractory 
Multiple Myeloma at First Relapse.
Shown are key principles for treatment. BCMA CAR T-cell therapy is 
preferred over bispecific-antibody therapy when both are accessible, 
according to guidance from the International Myeloma Working Group 
Immunotherapy Committee. Earlier lines of therapy are associated with 
superior immune fitness and better outcomes with CAR T-cell therapy, so 
CAR T-cell therapy should not be reserved as a last resort. Available 
evidence favors sequencing CAR T-cell therapy before bispecific antibodies, 
with better outcomes reported for bispecific-antibody salvage after CAR T-
cell relapse than for CAR T-cell therapy after previous bispecific-antibody 
exposure. Venetoclax-based regimens should be considered for t(11;14)–
positive relapsed or refractory multiple myeloma regardless of treatment 
approach. Lenalidomide-based regimens are less preferable if clinically 
significant renal disease is present. Bortezomib-based regimens are less 
preferable if neuropathy is present. Carfilzomib-based regimens are less 
preferable if clinically significant heart disease or uncontrolled hypertension 
is present. Doublet therapy should be considered rather than triplet 
therapy in frail patients. Clinical trials should be offered at every relapse 
and is the only access point for the most transformative emerging platforms 
(e.g., in vivo CAR T-cell therapy, trispecific T-cell engagers, CELMoDs, next-
generation immunotherapies). B denotes belantamab mafodotin; BCMA B-
cell maturation antigen; Cd cyclophosphamide and dexamethasone; cilta-
cel ciltacabtagene autoleucel; DCEP dexamethasone, cyclophosphamide, 
etoposide, and cisplatin; Elo elotuzumab; I isatuximab; K carfilzomib; P 
pomalidomide; PACE cisplatin, doxorubicin, cyclophosphamide, and 
etoposide; Pd pomalidomide and dexamethasone; Rd lenalidomide and 
dexamethasone; Seli selinexor; tec teclistamab; and Vd bortezomib and 
dexamethasone.



Conclusions
Modern management of multiple myeloma calls for a systematic approach: accurate risk 
stratification, evidence-based induction and transplantation decisions, MRD-guided 
maintenance tailored to risk, and early, strategic deployment of T-cell–redirecting therapies 
at relapse. Several principles should guide decision making. Quadruplet induction is now 
standard. ASCT remains an important frontline option for eligible patients, although its role 
is being reevaluated in the era of quadruplet, CAR T-cell, and bispecific antibody-based 
induction approaches. Fixed-duration maintenance may suffice for patients at standard risk 
for progression without upfront ASCT, whereas patients at high risk are candidates for 
intensified, prolonged maintenance. At relapse, BCMA-directed CAR T-cell therapy and 
bispecific antibody combinations are both effective and preferred. Multiantigen targeting 
can address antigen escape. The biologic principles of treatment (T-cell fitness and immune 
remodeling) is beginning to inform therapy selection.



(differentiate from Argyl-Robertson pupil)







Warum 
so wenig 
Eisen?Not a diagnosis



Purpura Schönlein-Henoch
Benannt ist sie nach den deutschen Ärzten Johann Lukas 
Schönlein (1793–1864), der die „Peliosis rheumatica“ 
1837 beschrieb, und Eduard Heinrich Henoch (1820–
1910). Die Purpura Schönlein-Henoch wurde in der 
Chapel-Hill-Konferenz 2012 in IgA-Vaskulitis umbenannt.



Warum hat er 
Eisenmangel-
Anämie?

















Entstehungsmechanismus (Pathogenese)

• Fehlerhafte Antikörper: Der Körper bildet eine veränderte 
Form des Immunglobulins A1 (Gd-IgA1), bei der ein 
Zuckerbaustein (Galaktose) fehlt. 

• Immunkomplexe: Gegen diese fehlerhaften IgA-Moleküle 
bildet das Immunsystem fälschlicherweise Autoantikörper 
(IgG). Sie verbinden sich zu sogenannten Immunkomplexen. 

• Ablagerung in den Nieren: Diese Komplexe wandern durch 
den Blutkreislauf und lagern sich in den Filtereinheiten der 
Nieren (den Glomeruli bzw. im Mesangium) ab. 

• Entzündung und Schädigung: Die Ablagerungen aktivieren 
das Komplementsystem (Teil der Immunabwehr) und 
führen zu einer Entzündung, die das Nierengewebe 
langfristig schädigen kann.



Die moderne Behandlung der IgA-Nephropathie hat sich in den letzten Jahren stark von rein 
unspezifischen Blutdrucksenkern hin zu gezielten, ursachenbezogenen Therapien entwickelt. 

Neue zielgerichtete Medikamente

• Nefecon (Kinpeygo®): Hierbei handelt es sich um eine spezielle, magensaftresistente 
Zubereitung des Kortikosteroids Budesonid. Es setzt den Wirkstoff gezielt im Dünndarm (an den 
sogenannten Peyerschen Plaques) frei, wo die fehlerhafte Produktion der IgA1-Antikörper ihren 
Ursprung hat. Dadurch wird die Nierenfunktion geschont, während das Risiko schwerer 
Nebenwirkungen im Vergleich zu herkömmlichen, systemischen Kortisonen stark sinkt. 

• Sparsentan (Filspari®): Ein dualer Rezeptorantagonist, der gleichzeitig den Endothelin- und den 
Angiotensin-II-Rezeptor blockiert. Diese doppelte Schutzwirkung senkt den Druck in den 
Nierenkörperchen effektiv und verringert die Eiweißausscheidung (Proteinurie) im Urin deutlich. 

• Weitere Ansätze in klinischen Studien: Neue Substanzen wie Atacicept oder Sibeprenlimab 
greifen noch tiefer in das Immunsystem ein, indem sie spezifisch die Zytokine BAFF und APRIL 
hemmen, welche für die Bildung der krankheitsauslösenden Antikörper verantwortlich sind.



Symptomatisches Vorhofflimmern ist eine spürbare, 
unregelmäßige und oft zu schnelle Herzrhythmusstörung, 
die sofortige ärztliche Abklärung erfordert. 

Typische Symptome

• Herzstolpern oder Palpitationen: Das Gefühl von 
unregelmäßigem Schlagen oder flattern im Brustkorb.

• Herzrasen: Ein stark beschleunigter Puls, oft über 100 
Schläge pro Minute.

• Luftnot: Kurzatmigkeit bereits bei leichten 
körperlichen Anstrengungen.

• Leistungsabfall: Allgemeine Schwäche und geminderte 
Belastbarkeit.

• Schwindel: Plötzliches Benommenheitsgefühl oder 
Schwarzvoraugen



Der AFEQT-Score (Atrial 
Fibrillation Effect on 
Quality-of-Life) ist ein 
validierter, patienten-
berichteter Fragebogen 
zur Messung der 
gesundheitsbezogenen 
Lebensqualität von 
Patienten mit 
Vorhofflimmern

https://flexikon.doccheck.com/de/AFEQT-Score
https://flexikon.doccheck.com/de/AFEQT-Score
https://flexikon.doccheck.com/de/AFEQT-Score










Rote Blutkörperchen (Erythrozyten) besitzen keine 
Mitochondrien und sind zur Energiegewinnung zu 100 % auf 
die anaerobe Glykolyse angewiesen. Das Enzym Pyruvatkinase 
(spezifisch die Isoform PKR in Erythrozyten) katalysiert den 
letzten, entscheidenden Schritt der Glykolyse: die Umwandlung 
von Phosphoenolpyruvat (PEP) zu Pyruvat, bei der ATP 
(Energie) generiert wird.

• Allosterische Bindung: Mitapivat bindet an eine spezifische 
allosterische Bindungsstelle des PKR-Enzyms (eine andere 
Stelle als der körpereigene Aktivator Fructose-1,6-
bisphosphat / FBP). 

• Stabilisierung des Tetramers: Es stabilisiert die aktive, 
tetramere (vierteilige) Struktur des Enzyms. Dadurch wird 
die Affinität des Enzyms zu seinem Substrat (PEP) massiv 
erhöht. 

• Aktivierung von Mutanten: Das Besondere ist, dass 
Mitapivat sowohl die gesunde Wildtyp-Form als auch viele 
verschiedene mutierte Formen des Enzyms reaktivieren 
und stabilisieren kann.

Mitapivat ist ein moderner, oral verabreichter Arzneistoff zur 
Behandlung bestimmter Formen der hämolytischen Anämie.



Mitapivat 
stimulates 
pyruvate 
kinase

Can mitapivat 
reduce 
transfusions in 
thalassemia?









Das Bundibugyo-Ebolavirus (BDBV) ist eine von sechs 
bekannten Spezies innerhalb der Gattung Orthoebolavirus und 
der Erreger des hämorrhagischen Bundibugyo-Ebolafiebers. Es 
wurde erstmals im Jahr 2007 nach einem Ausbruch im Distrikt 
Bundibugyo in Uganda wissenschaftlich identifiziert

Therapie und Impfung: Bislang gibt es keinen speziell 
zugelassenen Impfstoff und keine standardisierte antivirale 
Therapie gegen den Bundibugyo-Stamm. Zugelassene 
Impfstoffe gegen das Zaire-Ebolavirus sind hier nicht 
wirksam. Die Behandlung erfolgt primär supportiv 
(Flüssigkeits- und Elektrolytersatz). Allerdings laufen im 
aktuellen Ausbruchsgebiet klinische Studien (wie die 
PARTNERS-Studie), bei denen vielversprechende 
experimentelle Antikörper-Kombinationen (z. B. MBP134) 
und Virostatika (wie Remdesivir) getestet werden.

Hinter dem Begriff vesicular stomatitis virus-
Zaire ebola (meist als rVSV-ZEBOV abgekürzt) 
verbirgt sich der weltweit erste hochwirksame 
Impfstoff gegen das Zaire-Ebolavirus. 

Es handelt sich um einen sogenannten 
Lebendimpfstoff, der auf einem geschickten 
molekularbiologischen Baukastenprinzip 
basiert



Bundibugyo
BDBV

Can an 
established 
vaccine help?







MFI = Median 
fluorescence 
intensity





Eine porcine Nieren-Xenotransplantation ist die Übertragung 
einer genetisch veränderten Schweineneire auf einen 
Menschen.

Aktueller Meilenstein

• Neuer Rekord: Ärzte am Massachusetts General Hospital in 
Boston transplantierten einem Patienten eine 
genmodifizierte Schweineniere.

• Dauer: Das Organ funktionierte 271 Tage (rund neun 
Monate) und bewahrte den Patienten in dieser Zeit vor der 
Dialyse.

• Brückenfunktion: Nach Komplikationen und dem Versagen 
der Schweineniere erhielt der Patient nach einer kurzen 
Dialysephase erfolgreich eine menschliche Spenderniere. 
Der Fall wurde im Fachjournal The Lancet veröffentlicht.



Worked for about 
9 months until a 
human donor was 
found.

Macrophages and 
NK cells were 
prominent.

Homograft 
functioned 
without any 
problems.

Porcine aspects 
were not 
involved.













Der Begriff „oat cells“ (wörtlich: Haferzellen) 
bedeutet im medizinischen Kontext Haferzellen 
oder kleine, haferkornartige Zellen.



Small cell lung cancer (SCLC) originates from cells of the 
neuroendocrine lineage, whereas non-small cell lung cancer 
(NSCLC) primarily arises from bronchial or alveolar epithelial 
cells.











Ferroptose ist eine erst 2012 entdeckte, eisenabhängige Form des 
programmierten Zelltods, die durch die giftige Ansammlung von 
Lipidperoxiden in der Zellmembran ausgelöst wird. 

Grundmechanismus

• Eisenbedarf: Freies Eisen in der Zelle treibt oxidative Prozesse an.

• Lipidperoxidation: Sauerstoffradikale zerstören mehrfach 
ungesättigte Fettsäuren in den Membranen.

• Fehlendes Schutzsystem: Antioxidantien wie Glutathion oder das 
Enzym GPX4 können die Oxidation normalerweise verhindern; 
bricht dieses System zusammen, stirbt die Zelle. 

Medizinische Bedeutung

• Krebstherapie: Forscher versuchen, Krebszellen gezielt in die 
Ferroptose zu treiben, um resistente Tumoren abzutöten.

• Neurodegenerative Erkrankungen: Ein unkontrollierter Eisentod 
wird bei Krankheiten wie Alzheimer oder Parkinson vermutet.



INTRODUCTION: Obesity is a major risk factor for breast cancer 
and is associated with more aggressive disease and poorer 
clinical outcomes. Although obesity alters the breast tumor 
microenvironment, the mechanisms by which these changes 
influence tumor development remain poorly understood. 
Adipocytes are abundant in the breast and secrete metabolites 
and other signaling molecules that can affect neighboring 
epithelial and cancer cells. We investigated whether obesity-
associated changes in adipocyte-derived signals regulate breast 
cancer progression.
RATIONALE: Adipocytes undergo profound remodeling in 
obesity, including changes in lipid composition and secretion. 
We hypothesized that adipocytes produce lipid mediators that 
regulate tumor growth and contribute causally to obesity-
accelerated breast cancer. To test this, we combined mouse 
models of obesity, primary adipocyte cultures, transcriptomics, 
lipidomics, and patient-derived breast cancer models to define 
lipid-mediated mechanisms regulating breast cancer.



RESULTS: Mouse and human breast tumors grow 
more rapidly in obese mice compared with lean 
mice. To identify the underlying mechanisms, we 
examined the effects of adipocyte-secreted factors 
from both lean and obese mice on mouse and 
human breast cancer models, representing different 
molecular subtypes. The secretome from mammary 
adipocytes of lean mice strongly suppressed growth, 
whereas secretomes from obese mice did not. The 
lean mammary adipocyte secretome inhibited breast 
cancer cell growth by inducing ferroptotic cell death, 
characterized by oxidative lipid damage and 
increased intracellular ferrous iron. Consistent with 
this mechanism, breast tumors from lean mice 
showed increased ferroptosis markers, and 
pharmacologic inhibition of ferroptosis selectively 
accelerated tumor growth in lean but not obese 
mice.
To identify the responsible adipocyte-derived factor, 
we combined several lipid depletion approaches 
with lipidomics. These analyses identified the 
oxylipin 9S-hydroxyoctadecadienoic acid (9S-HODE) 
as highly enriched in lean adipocyte

secretomes and lean mammary fat pads. 9S-HODE 
promoted lipid peroxidation, disrupted iron 
homeostasis, and induced ferroptosis in breast cancer 
cells and tumors. Closely related oxylipins, including 
13S-HODE and 9R-HODE, lacked this activity. 
Comparatively, nontumorigenic mammary epithelial 
cells were resistant to 9S-HODE through diacylglycerol 
acyltransferase (DGAT)–dependent lipid droplet 
formation, which buffered lipid peroxidation stress.
Inhibition of adipocyte lipoxygenase activity 
subsequently reduced 9S-HODE production in 
mammary adipocytes and accelerated tumor growth, 
whereas the restoration of 9S-HODE in obese mice 
induced ferroptosis and suppressed tumor growth. In 
human breast adipose tissue, 9-HODE levels were 
inversely correlated with body mass index, and 9S-
HODE suppressed the growth of patient-derived 
breast cancer organoids.

The secretome from mammary adipocytes of lean mice 
strongly suppressed growth. These analyses identified the 
oxylipin 9S-hydroxyoctadecadienoic acid (9S-HODE) as highly 
enriched in lean adipocyte secretomes.



Mammary adipocyte-secreted 9S-HODE 
suppresses breast cancer.  Mammary adipocytes in 
lean mice and individuals produce and secrete high 
levels of 9-HODE in a 5-lipoxygenase (5-LOX)–
dependent manner. 9S-HODE suppresses tumor 
growth by disrupting intracellular iron homeostasis 
and inducing ferroptosis. In obesity, breast 9-HODE 
levels are reduced, thereby diminishing ferroptotic 
stress and, as a result, promoting accelerated 
breast tumor growth. BMI, body mass index.

CONCLUSION: Mammary adipocytes secrete 
the oxylipin 9S-HODE, which suppresses 
breast cancer growth through the induction 
of ferroptosis. Obesity disrupts this tumor-
suppressive lipid signal, thereby reducing 
ferroptotic stress and promoting tumor 
progression. These findings identify the loss 
of adipocyte-derived 9S-HODE signaling as a 
mechanism linking obesity and breast cancer 
and support the restoration of this pathway 
as a potential therapeutic strategy.



Immigration and customs enforcement (ICE)


