


An 83-year-old woman with type 2 
diabetes mellitus presented with a 6-
month history of painful rash. 
Physical examination findings are 
shown. The glycated hemoglobin 
level was 9.1% (reference value, 
<5.8), which had increased from a 
level of 6.6% measured 4 months 
earlier. What is the most likely 
diagnosis? 

Acquired acrodermatitis 
enteropathica 

Necrolytic acral erythema 

Necrolytic migratory erythema 

Staphylococcal scalded skin 
syndrome 

Stevens-Johnson syndrome 

Necrolytic migratory erythema, which occurs in most patients with 
glucagonoma, is thought to result from a glucagon-induced catabolism that 
leads to amino acid deficiency, zinc depletion, and epidermal necrolysis. The 
patient first underwent a computed tomography of the abdomen that reveled 
a mass in the tail of the pancreas. Histopathological analysis from a biopsy 
sample of the mass was consistent with a neuroendocrine tumor. 
Immunohistochemical staining was positive for glucagon and a skin biopsy 
confirmed diagnosis. 

Was ist das?



Das Necrolytic migratory erythema 
(NME) (deutsch: Erythema necrolyticum migrans) ist ein 
charakteristischer, schmerzhafter Hautausschlag, der am 
häufigsten als Teil des Glukagonom-Syndroms auftritt. Er 
gilt oft als das erste sichtbare Warnzeichen für einen 
seltenen, glucagonproduzierenden Tumor der 
Bauchspeicheldrüse (Glukagonom).

Der Ausschlag verläuft typischerweise in Zyklen von etwa 7 
bis 14 Tagen:
•Beginn: Es entstehen rote, juckende oder brennende 
Flecken, die sich ringförmig ausbreiten.
•Verlauf: Im Zentrum bilden sich Blasen, die aufplatzen und 
verkrusten. Die Ränder wandern weiter nach außen 
(migratorisch), während die Mitte unter 
Pigmentveränderungen abheilt.
•Lokalisation: Besonders betroffen sind Regionen mit hoher 
Reibung wie Leiste, Genitalbereich, Gesäß und die unteren 
Gliedmaßen, aber auch das Gesicht (um den Mund).
•Begleitsymptome: Häufig treten zusätzlich eine glatte, 
schmerzhafte Zunge (Glossitis), Entzündungen der 
Mundwinkel (Anguläre Cheilitis) sowie Nagelanomalien auf.



Das Glukagonom-Syndrom ist ein seltenes Krankheitsbild, das 
durch einen glukagonproduzierenden neuroendokrinen 
Tumor der Bauchspeicheldrüse (Glukagonom) verursacht 
wird. Durch die massive Überproduktion des Hormons 
Glukagon gerät der Stoffwechsel aus dem Gleichgewicht.

Leitsymptome (Die "4 Ds")
Klinisch ist das Syndrom oft durch eine charakteristische 
Kombination von Symptomen gekennzeichnet:
•Dermatitis: Das auffälligste Zeichen ist das Erythema 
necrolyticum migrans. Dabei handelt es sich um einen 
juckenden, schmerzhaften Hautausschlag mit 
Bläschenbildung, der oft ringförmig wandert und bevorzugt 
an Beinen, Gesäß und im Genitalbereich auftritt.
•Diabetes mellitus: Glukagon ist der Gegenspieler von 
Insulin und erhöht den Blutzuckerspiegel, was zu einem 
meist leicht ausgeprägten Diabetes führt.
•Depression: Psychische Veränderungen wie Depressionen 
oder Reizbarkeit sind häufige Begleiterscheinungen.
•Deep Vein Thrombosis (Tiefe Venenthrombose): Es besteht 
ein deutlich erhöhtes Risiko für Blutgerinnsel und 
Lungenembolien.



Advanced bladder cancer (Stage 3B-4) has spread beyond the 
bladder muscle into nearby tissue, lymph nodes, or distant organs. 
Common symptoms include pain in the back/pelvis, weight loss, and 
hematuria. Key treatments include combination chemotherapy, 
immunotherapy (e.g., avelumab), and sometimes surgery or 
radiotherapy for symptom management, according to.
Key Aspects of Advanced Bladder Cancer
•Definition & Stages:

•Locally Advanced (Stage 3): Cancer has grown through the 
bladder wall into nearby tissue (uterus, prostate, vagina) or into 
several pelvic lymph nodes.
•Metastatic (Stage 4): The cancer has spread to distant lymph 
nodes, bones, lungs, or liver.

•Treatment Options:
• Chemotherapy: Often the first-line treatment (e.g., cisplatin-

based) to kill cancer cells throughout the body.
• Immunotherapy: Drugs such as avelumab, pembrolizumab, or 

atezolizumab are used to boost the immune system to fight the 
cancer.

• Radiation Therapy: Primarily used to manage symptoms like pain 
or bleeding, or in combination with chemotherapy, as shown in.

• Surgery: Sometimes used to remove the bladder (radical 
cystectomy) or to relieve symptoms.

https://www.google.com/search?q=Immunotherapy&sca_esv=8fbe2420859fd63f&sxsrf=ANbL-n5V2RY11JSQ6JZllYVkvljD05Wf0Q%3A1775113539790&ei=QxXOaYz6L9mVxc8Pypnb0Ac&ved=2ahUKEwjT7ICxzc6TAxX2QvEDHdVtIsQQgK4QegQIBBAL&uact=5&oq=advanced+bladder+cancer&gs_lp=Egxnd3Mtd2l6LXNlcnAiF2FkdmFuY2VkIGJsYWRkZXIgY2FuY2VyMgYQABgHGB4yBhAAGAcYHjIGEAAYBxgeMgYQABgHGB4yBhAAGAcYHjIIEAAYBxgeGAoyBhAAGAcYHjIGEAAYBxgeMgYQABgHGB4yCBAAGIAEGMsBSPtIUMIWWNcpcAF4AJABAJgBPaABqASqAQIxMLgBA8gBAPgBAZgCCaACpATCAgcQIxiwAhgnwgIHEAAYgAQYDcICCBAAGAcYHhgTmAMAiAYBkgcBOaAHkUqyBwE5uAekBMIHAzItOcgHJoAIAQ&sclient=gws-wiz-serp&mstk=AUtExfALlhD-FiGVDZsoP7Nh1kcPwpvvHLqHWEvIbUdIdb83Rx60hqaOqaoYd4_ZLG5tlHgzM-brU4ZsFmvR71DigplCFTUiJi8EhMM1jo18kdXxeijk6Z5kmP9DdObhhjX7dxH3PaYZBBHMGJFsdXvhY2RszeTQev8HOGVKE2HvVSTo6BsCMScXHqjOZwVen9FVYZrGEeS6migHsDSIWJoK9mjRT8z3WFLrvtSPJZ2R8c7Ealz4H1g-RMh6GyIU4kIwYwc9vx_RcB9adcw_pWJ6sqOGx6nhcO7TQR7VBf4p5ndQ2puiaV34SQYp64YGen2LMyOU44BCh7FHkRUyrZpVKFXQQqSMLsXJQEJtYsASZmGmNqb0YefhbwMa3kCceWy7Ig&csui=3
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https://www.google.com/search?q=Surgery&sca_esv=8fbe2420859fd63f&sxsrf=ANbL-n5V2RY11JSQ6JZllYVkvljD05Wf0Q%3A1775113539790&ei=QxXOaYz6L9mVxc8Pypnb0Ac&ved=2ahUKEwjT7ICxzc6TAxX2QvEDHdVtIsQQgK4QegQIBBAP&uact=5&oq=advanced+bladder+cancer&gs_lp=Egxnd3Mtd2l6LXNlcnAiF2FkdmFuY2VkIGJsYWRkZXIgY2FuY2VyMgYQABgHGB4yBhAAGAcYHjIGEAAYBxgeMgYQABgHGB4yBhAAGAcYHjIIEAAYBxgeGAoyBhAAGAcYHjIGEAAYBxgeMgYQABgHGB4yCBAAGIAEGMsBSPtIUMIWWNcpcAF4AJABAJgBPaABqASqAQIxMLgBA8gBAPgBAZgCCaACpATCAgcQIxiwAhgnwgIHEAAYgAQYDcICCBAAGAcYHhgTmAMAiAYBkgcBOaAHkUqyBwE5uAekBMIHAzItOcgHJoAIAQ&sclient=gws-wiz-serp&mstk=AUtExfALlhD-FiGVDZsoP7Nh1kcPwpvvHLqHWEvIbUdIdb83Rx60hqaOqaoYd4_ZLG5tlHgzM-brU4ZsFmvR71DigplCFTUiJi8EhMM1jo18kdXxeijk6Z5kmP9DdObhhjX7dxH3PaYZBBHMGJFsdXvhY2RszeTQev8HOGVKE2HvVSTo6BsCMScXHqjOZwVen9FVYZrGEeS6migHsDSIWJoK9mjRT8z3WFLrvtSPJZ2R8c7Ealz4H1g-RMh6GyIU4kIwYwc9vx_RcB9adcw_pWJ6sqOGx6nhcO7TQR7VBf4p5ndQ2puiaV34SQYp64YGen2LMyOU44BCh7FHkRUyrZpVKFXQQqSMLsXJQEJtYsASZmGmNqb0YefhbwMa3kCceWy7Ig&csui=3
https://www.google.com/search?q=Surgery&sca_esv=8fbe2420859fd63f&sxsrf=ANbL-n5V2RY11JSQ6JZllYVkvljD05Wf0Q%3A1775113539790&ei=QxXOaYz6L9mVxc8Pypnb0Ac&ved=2ahUKEwjT7ICxzc6TAxX2QvEDHdVtIsQQgK4QegQIBBAP&uact=5&oq=advanced+bladder+cancer&gs_lp=Egxnd3Mtd2l6LXNlcnAiF2FkdmFuY2VkIGJsYWRkZXIgY2FuY2VyMgYQABgHGB4yBhAAGAcYHjIGEAAYBxgeMgYQABgHGB4yBhAAGAcYHjIIEAAYBxgeGAoyBhAAGAcYHjIGEAAYBxgeMgYQABgHGB4yCBAAGIAEGMsBSPtIUMIWWNcpcAF4AJABAJgBPaABqASqAQIxMLgBA8gBAPgBAZgCCaACpATCAgcQIxiwAhgnwgIHEAAYgAQYDcICCBAAGAcYHhgTmAMAiAYBkgcBOaAHkUqyBwE5uAekBMIHAzItOcgHJoAIAQ&sclient=gws-wiz-serp&mstk=AUtExfALlhD-FiGVDZsoP7Nh1kcPwpvvHLqHWEvIbUdIdb83Rx60hqaOqaoYd4_ZLG5tlHgzM-brU4ZsFmvR71DigplCFTUiJi8EhMM1jo18kdXxeijk6Z5kmP9DdObhhjX7dxH3PaYZBBHMGJFsdXvhY2RszeTQev8HOGVKE2HvVSTo6BsCMScXHqjOZwVen9FVYZrGEeS6migHsDSIWJoK9mjRT8z3WFLrvtSPJZ2R8c7Ealz4H1g-RMh6GyIU4kIwYwc9vx_RcB9adcw_pWJ6sqOGx6nhcO7TQR7VBf4p5ndQ2puiaV34SQYp64YGen2LMyOU44BCh7FHkRUyrZpVKFXQQqSMLsXJQEJtYsASZmGmNqb0YefhbwMa3kCceWy7Ig&csui=3


Enfortumab-Vedotin (Handelsname Padcev) ist ein modernes Krebsmedikament, das 
als Antikörper-Wirkstoff-Konjugat (ADC) bezeichnet wird. Es wurde speziell für die Behandlung von 
fortgeschrittenem oder metastasiertem Urothelkarzinom (Blasenkrebs) entwickelt.
Wirkungsweise
Das Medikament funktioniert wie eine „zielsuchende Rakete“:
•Ziel: Der Antikörper bindet gezielt an das Protein Nectin-4, das auf der Oberfläche vieler 
Blasenkrebszellen in hohen Mengen vorkommt.
•Wirkstoff: Nach der Bindung wird ein hochwirksames Zellgift (Monomethyl-Auristatin E, MMAE) 
direkt in die Krebszelle eingeschleust und zerstört diese von innen.

Plus



Patients with muscle-invasive bladder cancer who are ineligible 
for cisplatin-based chemotherapy proceed directly to radical 
cystectomy with pelvic lymph-node dissection. Perioperative 
therapy may improve outcomes in this population.
In this phase 3, open-label trial, participants with muscle-
invasive bladder cancer who were ineligible for or declined 
cisplatin-based chemotherapy were randomly assigned to 
perioperative (neoadjuvant and adjuvant) enfortumab vedotin, 
an antibody–drug conjugate directed at nectin-4, plus 
pembrolizumab and surgery (9 total cycles of enfortumab 
vedotin [1.25 mg per kilogram of body weight on days 1 and 8] 
plus 17 total cycles of pembrolizumab [200 mg on day 1 every 3 
weeks], with surgery after 3 cycles) or surgery alone (control). 
The primary end point was event-free survival. Key secondary 
end points were overall survival and pathological complete 
response (absence of viable tumor after surgical resection). 
Other secondary end points included safety.



Neoadjuvant cisplatin-based chemotherapy (with or without neoadjuvant and adjuvant 
durvalumab or adjuvant nivolumab) and radical cystectomy with pelvic lymph node dissection is 
the standard of care for patients with muscle-invasive bladder cancer. However, nearly half the 
patients with muscle-invasive bladder cancer are ineligible for cisplatin-based chemotherapy and 
proceed directly to surgery.
Cisplatin ineligibility is commonly defined as meeting at least one of the following Galsky 
criteria: impaired renal function (creatinine clearance, <60 ml per minute), Eastern Cooperative 
Oncology Group (ECOG) performance-status score of 2 or higher (range, 0 to 5, with higher 
scores reflecting greater disability), New York Heart Association class III heart failure (range, I 
[asymptomatic] to IV [symptomatic at rest]), or grade 2 or higher peripheral neuropathy or 
audiometric hearing loss. Patients who meet these criteria are generally older, have more 
coexisting conditions, and have poorer outcomes than those who are eligible for cisplatin, with a 
reported median event-free survival of 12.1 months and 36.1% probability of remaining event-
free at 3 years (although available data are limited).
The combination of enfortumab vedotin (a nectin-4–directed antibody–drug conjugate) 
and pembrolizumab (an anti–programmed cell death protein 1 [PD-1] antibody) showed 
robust antitumor activity in patients with locally advanced or metastatic urothelial 
carcinoma irrespective of cisplatin eligibility and represents the current first-line 
standard of care.



Participants
Eligible participants were adults (≥18 years of age) with clinically nonmetastatic muscle-
invasive bladder cancer (stage T2 to T4a with N0M0, or T1 to T4a with N1M0) with 
predominantly (≥50%) urothelial histologic features, as confirmed by central pathological 
review. Baseline disease staging was determined through central review of both pathological 
findings and imaging. Participants had ECOG performance-status scores of 0 to 2, could 
undergo surgery, and were ineligible for or declined cisplatin-based neoadjuvant 
chemotherapy. Cisplatin ineligibility was defined according to the Galsky criteria, with 
modification to omit peripheral neuropathy). Participants provided written informed 
consent, and a tumor sample was obtained through transurethral resection within 60 days 
before enrollment for central pathological assessment of histologic features and 
programmed death ligand 1 (PD-L1) expression.
End Points and Assessments
The primary end point was event-free survival as assessed by blinded independent central 
review (central review) in the enfortumab vedotin–pembrolizumab group as compared with 
the control group. 



Adverse Events.











Nicht nicht unterlegen

Amplatzer-Okkluder sind spezialisierte, minimalinvasive 
Implantate aus Nitinolgeflecht zum Verschluss von 
Herzdefekten wie PFO, ASD, VSD oder dem LAA. Sie werden 
mittels Kathetertechnik über die Leistenvene eingeführt, 
woraufhin sie mit dem Gewebe verwachsen. Sie reduzieren 
Schlaganfallrisiken und behandeln angeborene Herzfehler 
effektiv.

Amplatzer™ Amulet™ LAA Occluder:
Verschließt das linke Vorhofohr (Left Atrial Appendage) zur 

Schlaganfallprophylaxe bei Vorhofflimmern.

https://www.google.com/search?q=Amplatzer%E2%84%A2+Amulet%E2%84%A2+LAA+Occluder&sca_esv=8fbe2420859fd63f&sxsrf=ANbL-n5HS8QVwYU7ollbgOw-1-2wUZ89NQ%3A1775115878068&ei=Zh7OacDtA_y3xc8PnrbfmAk&biw=1282&bih=918&ved=2ahUKEwic-uOW1s6TAxWdcfEDHU7WJOsQgK4QegYIAQgAEA0&uact=5&oq=amplatzer&gs_lp=_rFhJa27oO6BgYIARABGAqSBwIxMKAHv1OyBwE5uAfEBMIHBTItOS4xyAcxgAgB&sclient=gws-wiz-serp
https://www.google.com/search?q=Amplatzer%E2%84%A2+Amulet%E2%84%A2+LAA+Occluder&sca_esv=8fbe2420859fd63f&sxsrf=ANbL-n5HS8QVwYU7ollbgOw-1-2wUZ89NQ%3A1775115878068&ei=Zh7OacDtA_y3xc8PnrbfmAk&biw=1282&bih=918&ved=2ahUKEwic-uOW1s6TAxWdcfEDHU7WJOsQgK4QegYIAQgAEA0&uact=5&oq=amplatzer&gs_lp=_rFhJa27oO6BgYIARABGAqSBwIxMKAHv1OyBwE5uAfEBMIHBTItOS4xyAcxgAgB&sclient=gws-wiz-serp
https://www.google.com/search?q=Amplatzer%E2%84%A2+Amulet%E2%84%A2+LAA+Occluder&sca_esv=8fbe2420859fd63f&sxsrf=ANbL-n5HS8QVwYU7ollbgOw-1-2wUZ89NQ%3A1775115878068&ei=Zh7OacDtA_y3xc8PnrbfmAk&biw=1282&bih=918&ved=2ahUKEwic-uOW1s6TAxWdcfEDHU7WJOsQgK4QegYIAQgAEA0&uact=5&oq=amplatzer&gs_lp=_rFhJa27oO6BgYIARABGAqSBwIxMKAHv1OyBwE5uAfEBMIHBTItOS4xyAcxgAgB&sclient=gws-wiz-serp
https://www.google.com/search?q=Amplatzer%E2%84%A2+Amulet%E2%84%A2+LAA+Occluder&sca_esv=8fbe2420859fd63f&sxsrf=ANbL-n5HS8QVwYU7ollbgOw-1-2wUZ89NQ%3A1775115878068&ei=Zh7OacDtA_y3xc8PnrbfmAk&biw=1282&bih=918&ved=2ahUKEwic-uOW1s6TAxWdcfEDHU7WJOsQgK4QegYIAQgAEA0&uact=5&oq=amplatzer&gs_lp=_rFhJa27oO6BgYIARABGAqSBwIxMKAHv1OyBwE5uAfEBMIHBTItOS4xyAcxgAgB&sclient=gws-wiz-serp
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Catheter-based closure of the left atrial appendage is 
an alternative to oral anticoagulation for stroke 
prevention in patients with atrial fibrillation. The 
effectiveness of this strategy, as compared with 
physician-directed best medical care, in patients at 
high risk for stroke and bleeding is unknown. In this 
multicenter randomized trial conducted in Germany, 
we assigned patients with atrial fibrillation and a high 
risk of stroke and bleeding to undergo left atrial 
appendage closure or to receive physician-directed 
best medical care (including direct oral 
anticoagulants, if eligible). The primary end point, 
tested for noninferiority, was a composite of stroke 
(ischemic or hemorrhagic), systemic embolism, major 
bleeding, or cardiovascular or unexplained death, 
assessed in a time-to-event analysis. The 
noninferiority margin was a hazard ratio of 1.3.



Catheter-based closure of the left atrial appendage has been suggested to provide 
protection against stroke, systemic embolism, and cardiovascular death that is similar 
to that provided by anticoagulation therapy in moderate-sized clinical trials. Device-
based strategies are associated with a certain degree of periprocedural risk but have 
the potential to reduce bleeding events. Data comparing left atrial appendage closure 
to contemporary medical therapy are scarce, especially with regard to patients who 
are at high risk for stroke and bleeding, the patient population that is considered to 
potentially derive the greatest benefit. Therefore, we designed the CLOSURE-AF 
(Catheter-Based Left Atrial Appendage Closure in Patients with Atrial Fibrillation at 
High Risk of Stroke and Bleeding as Compared with Best Medical Therapy) trial to 
compare left atrial appendage closure with physician-directed best medical care 
(including DOACs when considered feasible) in patients with atrial fibrillation and a 
high risk of stroke and bleeding.



Trial Population
Patients were eligible for inclusion if they had atrial fibrillation and were at a high risk for stroke and 
bleeding or had contraindications to long-term anticoagulation therapy. High risk of stroke was defined 
as a CHA2DS2-VASc score of 2 or higher (range, 0 to 9, with higher scores indicating a greater risk of 
stroke). 
Patients assigned to undergo left atrial appendage closure (the device group) could receive a Watchman 
or Amplatzer device. The LAmbre device (LifeTech) was available at selected sites as a bailout device. All 
participating sites were required to have documented experience with catheter-based left atrial 
appendage closure, and operators were required to be certified for all devices used. Postimplantation 
antithrombotic treatment was individualized according to the patient’s bleeding risk. After deployment 
of the device, therapy with a dual antiplatelet agent was recommended for at least 3 months. If 
transesophageal echocardiography showed complete left atrial appendage closure or only a small 
residual leak (<5 mm) without device-related thrombus, discontinuation of dual antiplatelet therapy was 
recommended. Discontinuation of single antiplatelet therapy with aspirin was recommended after 6 
months unless a clear indication existed for continuing therapy. In patients with excessive bleeding risk, 
dual antiplatelet therapy could be shortened to 6 weeks, and aspirin could be stopped after 3 months.
End Points
The primary end point was a patient-relevant composite end point of stroke (ischemic or hemorrhagic), 
systemic embolism, major bleeding (BARC type 3 or higher), or cardiovascular or unexplained death, 
assessed in a time-to-event analysis. 



After deployment of the device, therapy with a dual 
antiplatelet agent was recommended for at least 3 months. If 
transesophageal echocardiography showed complete left atrial 
appendage closure or only a small residual leak (<5 mm) 
without device-related thrombus, discontinuation of dual 
antiplatelet therapy was recommended. Discontinuation of 
single antiplatelet therapy with aspirin was recommended after 
6 months unless a clear indication existed for continuing 
therapy. In patients with excessive bleeding risk, dual 
antiplatelet therapy could be shortened to 6 weeks, and aspirin 
could be stopped after 3 months. 

The treating physician decided what qualified as best medical 
care, with DOAC as the default therapy in patients who were 
deemed to be eligible for anticoagulation therapy. When 
anticoagulation therapy was ruled out, an antiplatelet or no-
antithrombotic therapy was selected. The patients who did not 
qualify for anticoagulation therapy were not prospectively 
identified. All the patients were followed for a minimum of 6 
months, with visits at 3, 6, 12, 18, and 24 months and yearly 
thereafter until the end of the trial. Clinical information was 
recorded at each follow-up visit, including medication, adverse 
events, and quality of life.



The atrial fibrillation patients



Procedural Outcomes and Periprocedural 
Complications with Left Atrial Appendage Closure.

Primary and Secondary End Points.





Nicht nicht unterlegen



HbS=
2 alpha chains
2 mutated beta chains

HbA=
2 alpha chains
2 beta chains



BCL11A (B-Cell CLL/Lymphoma 11A) ist ein entscheidender Transkriptionsfaktor, der die Entwicklung von B-Lymphozyten 
reguliert und nach der Geburt die Expression von fötalem Hämoglobin (gamma-Hämaglobin) unterdrückt. Die genetische 
Hemmung von BCL11A wird als therapeutischer Ansatz zur Reaktivierung von HbF bei Sichelzellkrankheit und Beta-
Thalassämie genutzt.

Hauptmerkmale und Funktionen:
•Hämoglobin-Umschaltung: BCL11A ist der Hauptakteur bei der 
Repression des fötalen Hämoglobins (HbF) zugunsten des 
adulten Hämoglobins (HbA).
•Therapeutischer Ansatz: Durch CRISPR-Cas9-vermittelte 
Deaktivierung des BCL11A-Erythroid-Enhancers in CD34+-
Stammzellen kann die HbF-Produktion reaktiviert werden, was 
Patienten transfusionsunabhängig machen kann
•Hämatopoese & Gehirn: Neben der Blutbildung (B-Zell-
Entwicklung) ist BCL11A essenziell für die neuronale 
Entwicklung. Mutationen können zu einer intellektuellen 
Behinderung (BCL11A-ID) führen.
•Struktur: Das Protein enthält Zinkfinger-Domänen, die an DNA-
Motive binden, und interagiert mit dem SWI/SNF-Chromatin-
Remodellierungskomplex. HbF=

2 alpha chains
2 gamma chains

Die Promotoren der Gene HBG1 und HBG2 (die für die gamma-Globin-Ketten des fetalen 
Hämoglobins kodieren) sind zentrale Zielgebiete moderner Gentherapien zur Behandlung von 
Sichelzellkrankheit und Beta-Thalassämie. In der erwachsenen Blutbildung sind diese Promotoren 
normalerweise "stummgeschaltet", doch durch gezielte genetische Eingriffe kann die Produktion 
von fetalem Hämoglobin (HbF) reaktiviert werden, um defektes adultes Hämoglobin zu ersetzen.

LCR bezieht sich im Zusammenhang mit BCL11A auf 
die Locus Control Region des Beta-Globin-Genclusters.



Hemoglobin F (HbF) has a higher affinity for oxygen 
compared to Hemoglobin A (HbA), which generally 
results in a lower oxygen delivery to tissues at a given 
partial pressure, potentially affecting exercise 
tolerance. However, in contexts like sickle cell disease, 
higher HbF levels improve exercise tolerance by 
reducing polymerization (sickling) of red blood cells.
Key Aspects of Exercise Tolerance (HbF vs. HbA):
•Oxygen Affinity: HbF binds oxygen more tightly 
(higher affinity) than HbA, making it harder for oxygen 
to be released from HbF into muscles during exercise.
•Disease Context (Sickle Cell): In Sickle Cell Disease, 
high levels of HbF are beneficial for exercise. HbF 
inhibits the polymerization of deoxygenated sickle 
hemoglobin (HbS), which reduces the sickling of red 
blood cells and associated vaso-occlusive crises, thus 
improving exercise capability.
•Anaerobic/Aerobic Performance: Research indicates 
that hemoglobin variants (like HbE) with different 
affinities can result in diminished aerobic (VO2max) 
and anaerobic capacity compared to normal HbA.

[H+]

Hemoglobin F is more O2 saturated at any PO2



Abstract
Renizgamglogene autogedtemcel (reni-cel) is an investigational clustered regularly interspaced short 
palindromic repeats (CRISPR)–Cas12a gene-edited autologous hematopoietic stem-cell therapy. The 
therapy was designed to disrupt the BCL11A binding sites in the HBG1 and HBG2 promoters to 
reactivate fetal hemoglobin production for the treatment of sickle cell disease. We conducted a phase 
1–2, multicenter, open-label, single-group study involving patients with severe sickle cell disease who 
were 12 to 50 years of age and had had at least two severe vaso-occlusive events per year in the 
previous 2 years. The patients received a single infusion of reni-cel after myeloablative conditioning 
with busulfan. The patients were monitored for engraftment, hemoglobin-related measures, allelic 
editing levels, vaso-occlusive events, and adverse events over a 24-month period. The study was 
terminated early on the basis of the sponsor’s reassessment of clinical development priorities. Results 
of an analysis that was not prespecified are reported.
Conclusions
Treatment with reni-cel led to normalization of the total hemoglobin level and an increase in the 
percentage of fetal hemoglobin, with no vaso-occlusive events occurring in 27 of 28 patients after 
infusion. These results support further investigation of this gene-editing approach in the treatment of 
severe sickle cell disease.



Renizgamglogene autogedtemcel (reni-cel) is an investigational gene-edited autologous 
hematopoietic stem-cell therapy designed to reactivate fetal hemoglobin expression. 
Evidence shows that high fetal hemoglobin levels (>30%) with pancellular distribution 
are associated with amelioration of sickle cell disease symptoms. Patients with sickle 
cell disease who coinherit the naturally occurring genetic condition hereditary 
persistence of fetal hemoglobin (HPFH) have elevated fetal hemoglobin levels and 
attenuated severity of sickle cell disease. Genomic targets for reactivating fetal 
hemoglobin expression include the BCL11A erythroid enhancer and the γ-globin gene 
promoters (HBG1 and HBG2), to which the BCL11A repressor binds. Reni-cel, which 
was designed to functionally mimic HPFH, is composed of CD34+ cells edited by an 
engineered AsCas12a nuclease at the HBG1 and HBG2 promoters to disrupt binding of 
BCL11A. This target site was selected on the basis of preclinical xenotransplantation 
data showing that editing the BCL11A binding site at the HBG1 and HBG2 promoters 
enables robust fetal hemoglobin induction without adversely affecting erythropoiesis. 
An engineered AsCas12a nuclease was selected for reni-cel manufacturing because of 
its high efficiency and specificity.



HbF=
2 alpha chains
2 gamma chains



Patients
Eligible patients were 12 to 50 years of age and had a confirmed diagnosis of sickle cell 
disease (βS/βS, βS/β0, βS/β+, βSβD, or βSβOArab), a history of at least two severe vaso-occlusive 
events per year that led to medical attention despite supportive therapies in the 2-year period 
before the provision of written informed consent, and no available 10/10 HLA-matched 
related donor. Full eligibility criteria are provided in the study protocol. All the patients or 
their legal representative provided written informed consent before enrollment.
Reni-cel Manufacturing and Infusion
Before mobilization, patients received prophylactic simple or exchange red-cell transfusions 
for 8 weeks or more to maintain a sickle hemoglobin level of less than 30% and a hemoglobin 
level of 9 to 11 g per deciliter. Hydroxyurea and other disease-modifying therapies were 
discontinued at 60 days or more and at 30 days or more, respectively, before mobilization and 
transplantation.
Assessment of Clinical Outcomes
Patients were monitored for engraftment, hemoglobin-related measures, hemolysis markers, 
on-target editing in bone marrow–derived CD34+ cells and peripheral-blood nucleated cells, 
vaso-occlusive events, and adverse events over a 24-month period. 



Reni-cel Safety and Side-Effect Profile.

Patients







Discussion
Normalization of the hemoglobin level is a clinically significant improvement in patients with sickle cell 
disease. Beyond reducing the frequency of vaso-occlusive events, higher hemoglobin levels are 
associated with a reduced risk of both progressive end-organ damage and death. In this analysis, the 
mean total hemoglobin level was within the normal range by 6 months after reni-cel treatment.
One patient had two investigator-reported severe vaso-occlusive events. This patient had 21 severe vaso-
occlusive events during the 2 years before study enrollment and had a medical history of sickle cell 
disease–related chronic pain and avascular necrosis of the right hip. Increases in the fetal hemoglobin 
percentage and total hemoglobin level were in line with those observed for other treated patients. One 
treated patient had acute respiratory distress syndrome. Acute respiratory distress syndrome occurs in 3 
to 5% of HSCT recipients within 1 year after transplantation, with most cases occurring before 100 days.
A safety profile generally consistent with that of myeloablative busulfan-based conditioning and 
autologous HSCT was observed. All the patients who were followed for more than 1 month after 
treatment showed successful engraftment and encouraging platelet and neutrophil engraftment kinetics, 
which are important for limiting infection and the risk of bleeding.
The limitations of this study are that the results are descriptive and longer follow-up is needed. Of the 28 
patients treated with reni-cel at the time of this analysis, only 11 had been followed for 1 year or more.
The findings of the RUBY study provide clinical validation of targeting the HBG1 and HBG2 promoters to 
reactivate γ-globin expression and provide insight for the development of in vivo gene editing therapies 
for sickle cell disease.



Die Beta-Thalassämie ist eine erbliche Bluterkrankung, bei der der 
Körper den roten Blutfarbstoff (Hämoglobin) nicht in ausreichender 
Menge oder Qualität herstellen kann. Hämoglobin ist für den 
Sauerstofftransport im Blut verantwortlich; fehlt es, entsteht eine 
Blutarmut (Anämie).
Krankheitsformen und Schweregrade
Je nachdem, wie stark die Produktion der Beta-Globinketten gestört ist, 
unterscheidet man drei Hauptformen:
•Beta-Thalassaemia minor (Anlageträgerschaft): Die Betroffenen 
haben meist keine oder nur sehr leichte Symptome einer Blutarmut. Sie 
können das veränderte Gen jedoch an ihre Kinder weitergeben.
•Beta-Thalassaemia intermedia: Diese mittelschwere Form zeigt ein 
breites Spektrum an Symptomen. Regelmäßige Bluttransfusionen sind 
oft erst im späteren Verlauf oder in Belastungssituationen (z. B. 
Schwangerschaft) notwendig.
•Beta-Thalassaemia major (Cooley-Anämie): Dies ist die schwerste 
Form, die bereits im ersten Lebensjahr zu einer massiven Anämie führt. 
Die Betroffenen benötigen lebenslang alle 2 bis 5 Wochen 
Bluttransfusionen.

ß Thalassaemia. Deletions in the ß globin gene result in an imbalance in α and ß chain synthesis. As 
a result, there is excess formation of α chains. These precipitate in erythroid precursors, affecting 
their maturation and resulting in intramedullary destruction of erythroid precursors. Excess α chains 
in mature RBCs also have toxic effects on the RBC membrane, resulting in rigid cells with a 
shortened red cell survival. Chipmunk heißt auf Deutsch Streifenhörnchen





Renizgamglogene autogedtemcel (reni-cel) is an investigational clustered regularly interspaced short 
palindromic repeats (CRISPR)–Cas12a gene-edited autologous hematopoietic stem-cell therapy. The 
therapy was designed to disrupt the BCL11A binding sites in the HBG1 and HBG2 promoters to reactivate 
fetal hemoglobin production for the treatment of transfusion-dependent β-thalassemia. We conducted a 
phase 1–2, multicenter, open-label, single-group study of reni-cel in participants 18 to 35 years of age 
with transfusion-dependent β-thalassemia. The participants received myeloablative conditioning with 
busulfan before reni-cel infusion. The primary end points were neutrophil engraftment by 42 days after 
infusion and frequency and severity of adverse events. Participants were monitored for hemoglobin-
related measures and transfusion independence. The study was terminated early on the basis of the 
sponsor’s reassessment of clinical development priorities. Results of an analysis that was not 
prespecified are reported.
Conclusions
Treatment with reni-cel resulted in rapid neutrophil engraftment, an increase in fetal hemoglobin 
expression, and transfusion independence. These data support further investigation of Cas12a gene 
editing of the promoters of HBG1 and HBG2 in the treatment of transfusion-dependent β-thalassemia. 



Transfusion-dependent β-thalassemia is an inherited blood disorder characterized by a reduced or lack 
of synthesis of the β-globin chains of hemoglobin leading to chronic anemia. The degree of imbalance 
between the α-globin and β-globin chains is directly related to the severity of anemia and ineffective 
erythropoiesis. Patients with transfusion-dependent β-thalassemia typically present in early childhood 
with profound anemia, growth retardation, and skeletal deformities due to ineffective erythropoiesis 
and bone marrow expansion. Without intervention, the condition is invariably fatal. The mainstay of 
treatment for transfusion-dependent β-thalassemia involves regular red-cell transfusions, which 
alleviate anemia and suppress ineffective erythropoiesis in the bone marrow. However, lifelong 
transfusion therapy is associated with iron overload warranting long-term chelation therapy, reduced 
quality of life, and end-organ damage.
Renizgamglogene autogedtemcel (reni-cel) is an investigational nonviral gene-edited autologous 
hematopoietic stem-cell therapy designed to reactivate γ-globin and induce fetal hemoglobin 
expression. The therapy comprises CD34+ cells edited within the HBG1 and HBG2 promoters at 
the BCL11A transcriptional repressor binding site by an engineered variant of the 
acidaminococcus species Cas12a (AsCas12a) gene-editing nuclease. We selected this genomic 
target on the basis of our preclinical studies that showed a relatively robust induction of fetal 
hemoglobin expression through editing the BCL11A binding sites in the HGB1 and HBG2 
promoters (as compared with editing the erythroid enhancer of BCL11A). We did not observe a 
negative effect on erythropoiesis.





Participants
Eligible participants were 18 to 35 years of age who had a confirmed diagnosis of β-thalassemia 
(including the hemoglobin E genotype) with either homozygous or compound heterozygous mutations 
and who were transfusion-dependent, defined as having received packed red-cell transfusions of at least 
100 ml per kilogram of body weight per year (or 10 units per year) in the 2-year period before providing 
written informed consent. Full eligibility criteria are described in the study protocol.
Mobilization was performed with a combination of granulocyte colony-stimulating factor and plerixafor. 
CD34+ HSPCs were collected from each participant by means of leukapheresis over 2 to 3 consecutive 
days to ensure availability of a sufficient number of cells for manufacturing reni-cel and cryopreservation 
of rescue cells. Reni-cel was manufactured from each participant’s pooled CD34+ HSPCs by gene editing 
of the BCL11A binding site within the HBG1 and HBG2 promoters with the use of an engineered variant 
of AsCas12a (see the Supplementary Methods). Before reni-cel infusion, participants received 
myeloablative conditioning with pharmacokinetically adjusted busulfan over 4 consecutive days, followed 
by a washout period for a minimum of 72 hours. Reni-cel was infused at a single minimum dose of 3×106 
CD34+ cells per kilogram (post-thaw). All the participants received red-cell transfusions to maintain a 
hemoglobin level of 11 g per deciliter for at least 30 days before mobilization and before reni-cel 
infusion. Disease-modifying therapy was discontinued at least 60 days before mobilization. All the 
participants received antibacterial, antiviral, antifungal, and veno-occlusive disease prophylaxis after reni-
cel infusion according to institutional standard of care.



Patients Adverse events





Transfusion independence was achieved



The "Lineage-Specific" Strategy: Because systemic or ubiquitous inhibition of BCL11A 
damages immune cells (as noted above), modern gene therapy (e.g., exa-cel) specifically 
targets the erythroid enhancer of BCL11A rather than the whole gene. This approach keeps 
BCL11A functional in lymphoid cells while silencing it only in red blood cells.



Discussion
We describe an investigational gene-editing approach in nine adult participants with transfusion-
dependent β-thalassemia who received treatment with reni-cel. Reactivating γ-globin and 
increasing fetal hemoglobin levels has clinical benefit in patients with transfusion-dependent β-
thalassemia. Reni-cel is composed of CD34+ HSPCs that have been edited within the BCL11A 
binding site of the HBG1 and HBG2 promoters by a highly specific gene-editing nuclease, 
AsCas12a, to induce fetal hemoglobin expression. This approach is similar to that used to 
generate ristoglogene autogetemcel (risto-cel), in which the GATA1 binding site of the HBG1 and 
HBG2 promoters is targeted with an adenine base editor. No off-target editing was observed in 
the analyzed reni-cel product lots, thereby confirming that the ribonucleoprotein complex used 
to target the HBG1 and HBG2 promoter regions is specific, with a low risk of unintended genetic 
modifications.
In general, adverse events were consistent with those caused by myeloablative conditioning with 
busulfan and autologous hematopoietic stem-cell transplantation, although we observed grade 2 
and grade 3 adverse events (decreased lymphocyte counts) that were attributed to treatment 
with reni-cel. No serious adverse events related to reni-cel or secondary malignant conditions 
have been observed, and no deaths occurred in the study.



Der EQ-5D ist ein standardisierter Fragebogen 
zur Messung der gesundheitsbezogenen 
Lebensqualität.



The role of long-term beta-blocker therapy after a myocardial 
infarction in patients without left ventricular systolic 
dysfunction or heart failure is unclear in the era of 
contemporary coronary-artery reperfusion and secondary 
prevention interventions.
We conducted an open-label, randomized, noninferiority trial at 
25 centers in South Korea. Patients whose condition remained 
stable after a myocardial infarction, who had a left ventricular 
ejection fraction of at least 40% and no heart failure, and who 
had received beta-blocker therapy for at least 1 year after the 
myocardial infarction were randomly assigned in a 1:1 ratio to 
discontinue or to continue beta-blocker therapy. The primary 
end point was a composite of death from any cause, recurrent 
myocardial infarction, or hospitalization for heart failure. The 
prespecified noninferiority margin was an upper limit of the 
95% confidence interval for the hazard ratio of 1.4.



Despite the evolving evidence, the limited support for prolonged beta-blocker therapy in patients 
without heart failure or left ventricular systolic dysfunction, and the potential adverse effects, many 
patients continue to receive beta-blockers for years solely because of a previous myocardial 
infarction. The unresolved clinical question is whether survivors of myocardial infarction who are in 
stable condition and who have remained event-free should receive beta-blocker treatment over the 
long term. Observational studies evaluating continuation beyond the first year have shown 
inconsistent associations and remain susceptible to confounding by indication and treatment-
selection bias. The ABYSS trial (Assessment of Beta-Blocker Interruption 1 Year after an 
Uncomplicated Myocardial Infarction on Safety and Symptomatic Cardiac Events Requiring 
Hospitalization), which directly compared interruption with continuation of long-term beta-blocker 
therapy after a myocardial infarction, did not show noninferiority of beta-blocker interruption. 
However, the ABYSS trial used a composite primary end point that included hospitalization for 
cardiovascular causes, a component that may be susceptible to clinical decision making in an open-
label design. Therefore, the SMART-DECISION trial (Smart Angioplasty Research Team: Decision on 
Medical Therapy in Patients with Coronary Artery Disease or Structural Heart Disease Undergoing 
Intervention) was designed to determine whether discontinuation of long-term beta-blocker therapy 
in patients who were in stable condition after a myocardial infarction and did not have heart failure 
or left ventricular systolic dysfunction would be noninferior to the continuation of beta-blockers with 
respect to major clinical outcomes.



Population
Patients in stable condition who had had a myocardial infarction, had been receiving beta-blocker 
therapy for at least 1 year, and were event-free from the time of the index myocardial infarction to 
screening were candidates for enrollment. No restrictions on the beta-blocker type or dose were 
applied, and no upper limit was imposed on the interval from the index myocardial infarction diagnosis 
to enrollment. Key exclusion criteria were ongoing treatment for heart failure, a reduced ejection 
fraction (<40%), contraindications to beta-blocker therapy, and atrial fibrillation.
Randomization and Procedures
Patients were randomly assigned in a 1:1 ratio with the use of a Web-based randomization system 
(Internet-based Clinical Research and Trial Management System, version 2, National Institute of Health, 
South Korea) to discontinue or to continue beta-blocker therapy. In the discontinuation group, beta-
blocker therapy was stopped immediately after randomization, whereas patients in the continuation 
group continued to receive beta-blocker treatment with the same agent at the same dose. 
Randomization was stratified according to type of myocardial infarction (ST-segment elevation or non–
ST-segment elevation), beta-blocker received (carvedilol, bisoprolol, nebivolol, or other), and 
participating center. Clinical follow-up was performed at 6, 12, 24, and 30 months and annually 
thereafter.
End Points
The primary end point was a composite of death from any cause, recurrent myocardial infarction, or 
hospitalization for heart failure. 



Primary and Secondary End Points.









Summary
Glucagon-like peptide-1 (GLP-1) receptor agonists are incretin analogues that promote 
glucose-mediated insulin release and are used to treat type 2 diabetes mellitus and 
obesity. GLP-1 receptor agonists and GLP-1 and glucose-dependent insulinotropic 
peptide agonists have several mechanisms of action, including reduction of gastric 
emptying, inhibition of glucagon secretion, beneficial changes in the intestinal 
microbiome, and direct effects on hypothalamic nuclei to enhance satiety (which 
promotes weight loss). Beyond the impressive effects of GLP-1 receptor agonists on 
blood glucose levels and body weight, large-scale randomized, controlled trials have 
shown that GLP-1 receptor agonists reduce cardiovascular risk and slow progression to 
renal failure in persons at high risk and those with type 2 diabetes. Adverse side effects 
from GLP-1 receptor agonists are mostly gastrointestinal but may also include loss of 
muscle and bone mass. Questions remain about long-term adherence, weight regain 
after discontinuation of treatment, and the functional implications of the loss of 
muscle and bone mass. Recent and ongoing targeted studies suggest the possibility of 
additional uses for GLP-1 receptor agonists.







Adverse events

Agents





GLP-1 Receptor Agonists and Health Equity
Underrepresented populations are often excluded from clinical trials for multiple reasons; 
thus, generalizations about the effectiveness of virtually any drug or intervention of necessity 
must be qualified. Such exclusion is particularly relevant for persons with type 2 diabetes and 
obesity, because Hispanic and Black persons make up a large proportion of the population 
with these diseases. Of importance, although the recruitment of members of minority groups 
into large trials has improved somewhat over the past decade, trial populations often do not 
reflect the truly affected populations. One substudy from the SURPASS-1 trial, which enrolled 
patients with type 2 diabetes, showed that Hispanic participants had responses similar to 
those of non-Hispanic White participants with regard to weight loss and lowering of glucose 
levels. However, few other studies have analyzed the effectiveness of the GLP-1 receptor 
agonists in minority populations or have included enough Black or Hispanic participants in 
large trials to draw clinically relevant conclusions about efficacy. Complicating this concern is 
the cost of the newer GLP-1 receptor agonist agents. As more evidence accumulates 
regarding the safety and efficacy of long-term treatments, there should be price adjustments 
and plans for greater distribution of these drugs to underrepresented populations.



Conclusions
Taken together, clinical data on incretin-based agents now place them at the top of the 
therapeutic armamentarium for persons with type 2 diabetes or obesity (or both). The 
development of new dual and triple GLP-1 receptor agonists forecasts that other effective 
drugs may be approved after rigorous phase 2 and phase 3 trials. Strong evidence from large 
phase 3 clinical trials and numerous meta-analyses support the role of GLP-1 receptor 
agonists in stabilizing blood glucose levels in patients with type 2 diabetes as well as in 
effecting clinically important weight loss. Similarly, longer-term protective effects on 
cardiovascular and renal outcomes are impressive. Although reported safety signals are 
relatively reassuring, longer-term studies are needed, with a particular focus on weight 
regain and changes in muscle and bone mass. Health equity in trials and the marketplace is 
required to more broadly include persons who need these drugs. Furthermore, GLP-1 
receptor agonists also show promise in the targeting of other disorders, including 
neurodegenerative disorders, metabolic liver disease, heart failure, and cancer. The future 
looks promising as these GLP-1 receptor agonists enter a second half-century of study.



A 57-year-old man with a 3-day history of vomiting and progressive confusion was brought to 
the emergency department by his wife. He had been in his usual state of health until 3 days 
earlier, when he had become disoriented to the day of the week. By the morning of his arrival 
at the emergency department, he was unable to remember the names of his medications. He 
reported generalized weakness and difficulty speaking and swallowing but no headache, 
numbness, visual disturbance, fever, recent weight loss, or other systemic symptoms. Aside 
from vomiting, he had no gastrointestinal symptoms.
The patient’s medical history included hypertension, type 2 diabetes, primary hypothyroidism, 
asthma, and obesity with obstructive sleep apnea. He had had a myocardial infarction 16 years 
earlier and a laparoscopic cholecystectomy 14 years earlier. He was followed by his primary 
care physician. His medications included amlodipine, metformin, levothyroxine, a formoterol–
budesonide inhaler, as-needed salbutamol, clopidogrel, pantoprazole, metoprolol, and 
rosuvastatin (the latter four were prescribed after the myocardial infarction). He had quit 
smoking 4 years earlier after a 20-pack-year history, and he had never used alcohol or illicit 
drugs. His family history was negative for neurocognitive disorders.

(An otherwise „ok“ obese man lapses into NH4-coma after „all-you-can-eat“)



His blood pressure was 164/116 mm Hg, heart rate 95 beats per minute, respiratory rate 16 breaths per 
minute, oxygen saturation 100% while he was breathing ambient air, temperature (tympanic) 35.8°C, 
and body-mass index (BMI; the weight in kilograms divided by the square of the height in meters) 31.9. 
He opened his eyes to speech and obeyed commands but was confused, findings consistent with a 
Glasgow Coma Scale (GCS) score of 13 (on a scale from 3 to 15, with lower scores indicating less 
responsiveness). Neurologic examination revealed slowed cognitive processing and dysarthria. Cranial-
nerve function was intact. Proximal and distal muscle strength was 4/5 in both legs, 4+/5 in the left arm, 
and 5/5 in other muscle groups. Sensory examination was normal. Deep tendon reflexes were intact, 
with flexor plantar responses. There was no nuchal rigidity. Abdominal examination revealed normal 
bowel sounds, tympanic percussion, no tenderness, and no palpable masses or hepatosplenomegaly. 
The rest of the examination was unremarkable.
The white-cell count was 7400 per microliter. The hemoglobin level and platelet count were normal. The 
glucose level was 221 mg per deciliter (reference range, 74 to 106); the rest of his basic metabolic panel 
was normal, as were the prothrombin time and levels of total bilirubin, alanine aminotransferase, 
aspartate aminotransferase, γ-glutamyltransferase, alkaline phosphatase, and C-reactive protein (CRP). A 
venous blood gas analysis yielded normal results. The albumin level was 2.7 g per deciliter (reference 
range, 3.5 to 5.0). The thyroid-stimulating hormone (TSH) level was 0.1 mIU per liter (reference range, 
0.5 to 4.3). Urinalysis was positive for glucose but negative for white cells, nitrite, and ketones.

What about BUN and creatinine?



The patient was admitted to the neurology service. Computed tomography (CT) and magnetic 
resonance imaging (MRI) of the head showed no evidence of ischemia, hemorrhage, cerebral venous 
sinus thrombosis, neoplasm, or encephalitis. Blood and urine cultures were obtained. A lumbar 
puncture revealed a cerebrospinal fluid (CSF) leukocyte count of less than 5 cells per microliter 
(reference value, <5), protein level of 0.36 g per liter (reference range, 0.18 to 0.58), and glucose level 
of 133 mg per deciliter (reference range, 45 to 80). 
That afternoon, the patient became unresponsive (GCS score of 3), prompting intubation and transfer 
to the intensive care unit. Plasma ammonia was measured and was 344 μmol per liter (reference value, 
<45). Hepatic ultrasonography was performed and showed no evidence of cirrhosis or portosystemic 
shunting.
Because of the diagnosis of noncirrhotic hyperammonemia, our specialized inherited metabolic 
diseases expert center was consulted and provided guidance. Blood samples were collected for plasma 
amino acids and acylcarnitines and urine samples for organic acids, including orotic acid, and treatment 
was initiated immediately. To reduce ammonia production, protein intake was stopped, and continuous 
infusion of 2 liters of 10% dextrose daily was started. Several medications were started to further 
reduce ammonia levels, including sodium benzoate, arginine, and carnitine; these were locally 
unavailable but were delivered in less than 2 hours from our center by express courier. Isotonic saline 
was coadministered to promote diuresis and the effectiveness of sodium benzoate. Meanwhile, 
lactulose and rifaximin were administered by nasogastric tube, and preparations were made to initiate 
venovenous hemofiltration.



Plasma ammonia, glucose, sodium, and potassium were monitored every 3 hours, as were venous 
blood gases. Three hours after treatment initiation, the plasma ammonia level had decreased to 265 
μmol per liter; at 6 hours, it had declined to 160 μmol per liter; and by the following morning — 12 
hours after treatment initiation — it had reached 110 μmol per liter.
After consultation with dietary services, protein intake was increased by 0.3 g per kilogram of body 
weight per day, to a maximum of 1.2 g per kilogram per day over a period of 4 days. Caloric 
requirements were met by carbohydrates and fats. By hospital day 5 (3 days after treatment initiation), 
the plasma ammonia level had decreased to 29 μmol per liter. The patient regained full consciousness 
and was extubated and transferred to the internal medicine ward. There, intravenous medications 
were transitioned to oral formulations. Sodium benzoate was gradually tapered and discontinued after 
6 days, together with carnitine. Rifaximin and lactulose were discontinued 2 days later. Arginine was 
replaced with citrulline, which was continued pending the results regarding metabolic analytes 
obtained during hyperammonemia.
The patient was questioned regarding dietary changes before symptom onset; he reported no such 
changes and no use of protein supplements. An abdominal MRI did not reveal an intrahepatic shunt. 
Blood, urine, and CSF cultures that were obtained early in the admission yielded negative results. On 
hospital day 7, results of plasma amino acids and acylcarnitines became available. The level of 
glutamine was 1137 μmol per liter (reference range, 462 to 762), glutamic acid 172 μmol per liter 
(reference range, 0 to 48), citrulline 10 μmol per liter (reference range, 16 to 56), and arginine 22 μmol 
per liter (reference range, 32 to 108). 



Additional history taking revealed that 3 days before admission, he had consumed a large protein-rich meal 
at an all-you-can-eat restaurant. 
Family history was notable for the death of his brother at 12 years of age, reportedly due to meningitis. DNA 
sequencing of the proximal urea-cycle genes identified a pathogenic variant in OTC: 
NM_000531.6(OTC):c.119G→A, p.(Arg40His), resulting in a diagnosis of OTC deficiency.
The patient was advised not to exceed a protein intake of 1.2 g per kilogram per day, and citrulline was 
continued. He received a personalized plan for management during acute illness and was referred to clinical 
genetics services for family counseling. He reported fatigue and short-term memory loss since the 
hyperammonemic episode, for which he was referred for neurocognitive rehabilitation. At a 3-month 
follow-up, he had not had further episodes of hyperammonemia, although his fatigue and short-term 
memory loss persisted.

In Ornithine Transcarbamylase (OTC) deficiency, blood 
urea nitrogen (BUN) levels are typically low or within 
the low-normal range, often below 10 mg/dL, despite 
the presence of severe hyperammonemia. This 
indicates a failure to convert nitrogen waste into urea, 
resulting in high levels of ammonia, high glutamine, 
and low citrulline. 

Key Findings in OTC Deficiency:
•Urea/BUN: Low or low-normal, reflecting 
decreased production.
•Ammonia: Critically high (Hyperammonemia).
•Citrulline: Low or absent.
•Orotic Acid: Highly elevated in urine.
•Glutamine: High.

https://www.google.com/search?q=Ornithine+Transcarbamylase+%28OTC%29+deficiency&oq=what+are+the+urea+levels+in+ornithine+transcarbamylase+deficiency%3F&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTI2MzI0ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfCuPiaFb80Y4LN-2xesJxedsbBNv3CRG_zz1Bip8HqC9HaKKmCKsP2NSi-cFwrYcRL_3GvQvjRMi0U3pHpknqiwap26cXtUCb_cMuHZW1EOsfb-dNznWfbYYsSvQKmKT6s42VB6hoT9AsfBM4NlhW6DVHiqwrgHSvy2W8-GFztighI&csui=3&ved=2ahUKEwi5yLnCws-TAxVCcvEDHW54HH4QgK4QegQIARAB


Noncirrhotic hyperammonemia is an 
underrecognized medical emergency 
requiring immediate treatment 

Ornithine transcarbamylase (OTC) deficiency 
— the most common urea-cycle disorder.

Urea comes from here





The cancer survival index is a summary measure, usually expressed as a 
percentage, indicating the proportion of people alive a specific time 
(often one, five, or 10 years) after a cancer diagnosis. It acts as a 
statistical tool to track population-level trends, such as improvements in 
early detection and treatment.
Key Aspects of the Cancer Survival Index:
•Measurement: It estimates net survival, which compares the survival of 
cancer patients against the expected survival of the general population of 
the same age and sex, effectively isolating mortality directly caused by 
cancer.
•Population Focus: It is designed to monitor trends over time, such as in 
the UK's NHS outcomes, rather than predict an individual's personal 
prognosis.
•Data Included: The index often combines data from multiple major 
cancers (such as breast, colorectal, and lung) to provide a single, 
comprehensive overview.
•Trends: As of 2026, 5-year survival rates for all cancers combined have 
reached roughly 70% in some regions, a significant increase from 50% in 
the 1970s, due to improved treatments like immunotherapy.
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Pyruvat (Anion der Brenztraubensäure), ist 
ein zentrales Stoffwechselzwischenprodukt, das als 
Endprodukt der Glykolyse entsteht. Es verbindet 
den anaeroben (Laktatbildung) und aeroben 
Stoffwechsel (Citratzyklus). Bei Sauerstoffmangel 
wird es zu Laktat umgesetzt, unter aeroben 
Bedingungen zu Acetyl-CoA für die 
Energiegewinnung.
Hier sind die wichtigsten Aspekte:
•Stoffwechsel: Es ist das Endprodukt der Glykolyse 
und Ausgangspunkt für den Citratzyklus (aerob) 
sowie die Gluconeogenese.
•Anaerobe Bedingungen: Pyruvat wird zu Laktat 
reduziert, um die Glykolyse aufrechtzuerhalten.
•Chemische Struktur:
Es ist das Salz oder der Ester der 

Brenztraubensäure.
•Verzweigungspunkt: Pyruvat kann zu Alanin 
transaminiert oder in Acetyl-CoA umgewandelt 
werden.
•Ernährung: Pyruvat (oft als Calciumpyruvat) wird 
als Nahrungsergänzungsmittel zur Unterstützung 
des Stoffwechsels vermarktet.

In erythrozyten ist dies Endstation



Die Pyruvatkinase (PK) ist ein zentrales Enzym des Kohlenhydratstoffwechsels. Sie katalysiert den letzten 
und geschwindigkeitsbestimmenden Schritt der Glykolyse. Dabei wird eine Phosphatgruppe von Phosphoenolpyruvat 
(PEP) auf ADP übertragen, wodurch ATP und Pyruvat entstehen.



Pyruvatkinase (PK)-Inhibitoren sind chemische Verbindungen, welche die Aktivität des 
Enzyms Pyruvatkinase blockieren, das den letzten, geschwindigkeitsbestimmenden 
Schritt der Glykolyse katalysiert: die Umwandlung von Phosphoenolpyruvat (PEP) in 
Pyruvat unter gleichzeitiger Gewinnung von ATP. Die Forschung konzentriert sich 
primär auf Inhibitoren der PKM2-Isoform, da diese in fast allen Krebszellen 
hochreguliert ist und eine Schlüsselrolle beim Warburg-Effekt (aerobe Glykolyse) 
spielt, der das Tumorwachstum fördert.



Pyruvate-Kinase-Aktivatoren sind eine neue Klasse von Medikamenten, die die Glykolyse in roten Blutkörperchen 
(Erythrozyten) stimulieren, um die ATP-Produktion zu erhöhen und den 2,3-Diphosphoglycerat-Spiegel (2,3-DPG) zu 
senken. Sie werden primär zur Behandlung seltener Erbkrankheiten eingesetzt, bei denen der Energiestoffwechsel der 
Blutzellen gestört ist.

Therapeutische Anwendungsgebiete
Diese Medikamente zeigen Potenzial bei einer Vielzahl 
von hämolytischen Anämien, da sie auch die Aktivität des 
Wildtyp-Enzyms steigern können:
•Pyruvatkinase-Mangel (PKD): Erhöht den 
Hämoglobinwert und reduziert die Notwendigkeit von 
Bluttransfusionen.
•Sichelzellkrankheit (SCD): Durch die Senkung von 2,3-
DPG wird die Sauerstoffaffinität von Hämoglobin S erhöht, 
was die Polymerisation und Sichelbildung der Zellen 
verzögert.
•Thalassämie: Verbessert die ineffektive Erythropoese 
und reduziert die Eisenüberladung durch gesteigerten 
Energiestoffwechsel.
•Andere Anämien: Es laufen Untersuchungen zur 
Anwendung bei Membrandefekten (z. B. hereditäre 
Sphärozytose) und bestimmten Formen von MDS.

















Das Fibroblasten-Aktivierungsprotein (FAP) ist eine Serinprotease, 
die in atherosklerotischen Plaques exprimiert wird und 
Entzündungsprozesse sowie den Umbau der extrazellulären Matrix 
fördert, was zu Plaque-Instabilität beiträgt. FAP-Defizienz schützt 
vor Atherosklerose, indem sie die Plaquebildung reduziert, die 
fibröse Kappe stabilisiert und Entzündungszellen verringert. FAP 
gilt als potenzielles Ziel für die Bildgebung (FAPI-PET) und 
therapeutische Ansätze.
Wichtige Zusammenhänge zwischen FAP und Atherosklerose:
•Rolle in der Plaque: FAP wird in menschlichen 
atherosklerotischen Läsionen gefunden, insbesondere in 
aktivierten vaskulären glatten Muskelzellen (VSMCs), und fördert 
dort Entzündungen.
•Auswirkung auf Plaques: Eine Deletion oder Hemmung von FAP 
führt in Mausmodellen zu einer verringerten Plaquebildung 
(Atheroprotektion) und einer Zunahme von fibrillärem Kollagen, 
was die Stabilität erhöht.
•Bildgebung: Die FAP-Inhibitor (FAPI)-PET-Bildgebung wird 
genutzt, um aktivierte Fibroblasten in Plaques sichtbar zu machen 
und könnte zur Identifizierung von Hochrisiko-Läsionen dienen.
•Therapeutisches Potenzial: Da FAP die Plaque-Progression 
fördert, könnte die Hemmung von FAP eine Behandlungsoption 
zur Stabilisierung von Plaques darstellen.

https://www.google.com/search?q=Fibroblasten-Aktivierungsprotein+%28FAP%29&oq=FAP+and+atherosclerosis&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCDg0NzBqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiMi9KGg9CTAxViS_EDHSA-GN8QgK4QegQIARAB
https://www.google.com/search?q=Fibroblasten-Aktivierungsprotein+%28FAP%29&oq=FAP+and+atherosclerosis&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCDg0NzBqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiMi9KGg9CTAxViS_EDHSA-GN8QgK4QegQIARAB
https://www.google.com/search?q=Fibroblasten-Aktivierungsprotein+%28FAP%29&oq=FAP+and+atherosclerosis&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCDg0NzBqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiMi9KGg9CTAxViS_EDHSA-GN8QgK4QegQIARAB


Editor’s summary
Atherosclerosis is characterized by the buildup of lipid-
containing plaque in blood vessels including coronary 
arteries and is a leading cause of death worldwide. The 
mainstay of therapy is lipid-lowering agents such as statins, 
which help but do not always fully prevent disease 
progression and mortality. To gain further insight into the 
biology of atherosclerotic plaques, Amrute et al. performed 
single-cell spatial transcriptomics on coronary arteries from 
people with and without atherosclerosis. This analysis helped 
identify smooth muscle cells expressing fibroblast activation 
protein as a major culprit in blood vessel plaque formation. 
Immunotherapy using a bispecific T cell engager (BiTE) 
against this protein reduced the atherosclerotic plaque 
burden in mouse models, suggesting a potential therapeutic 
strategy. —

BiTE (Bispecific T-cell Engager) therapy is a form of immunotherapy that acts as a bridge 
between a patient's immune system (T-cells) and cancer cells, directing the immune system to 
destroy the tumor.







Targeting FAP+ VSMCs 
reduces plaque burden.
(A) Single-cell and spatial 
multiomics map of human 
coronary arteries in health and 
disease. (B) FAP+ cells in the 
plaque can be noninvasively 
imaged in patients and are 
derived from VSMCs. (C) In 
vivo anti-FAP BiTE therapy 
remodels the vascular 
microenvironment and 
reduces atherosclerotic plaque 
burden. FAP, fibroblast 
activation protein; VSMCs, 
vascular smooth muscle cells; 
BiTE, bi-specific T cell 
engager. [Figure created with 
BioRender.com]







Analyses indicated that chemotactic receptor 1 
(CRT1), a ligandgated ion channel, is expressed in the 
surface epithelium of suckers at the tip of the 
hectocotylus where it binds to progesterone. CRT1 is 
also expressed on the nonmating arms of octopus 
and binds to metabolites such as norharmane, which 
is produced by microbes on the surface of certain 
prey.  Structural analysis revealed that hectocotylus 
CRT1 has residues that enable high-affinity binding to 
progesterone.  Progesterone is a conserved hormone, 
having remained similar across diverse species 
throughout evolution. The findings of Villar et al. 
suggest that it became a target of lineage-specific 
receptor innovation. Thus, a receptor evolved altered 
specificity. A mating interaction is biased, and if such 
bias persists across generations, then gene flow may 
decline. Villar et al. provide a bridge from molecular 
receptor evolution to mating behavior and potentially 
to reproductive isolation, the foundation of 
speciation.

Als Hectocotylus (Plural: Hectocotyli; nach 
altgriechischen ἑκᾰτόν (hekatón): „hundert“ 
und κότυλος (kótulos): „Schüssel“, „Napf“) wird 
ein zum Fortpflanzungsorgan umgebildeter 
Arm bei männlichen Kopffüßern bezeichnet.


