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A previously healthy 59-year-old man presented to 
the emergency department with a 5-hour history of 
severe, pleuritic chest pain. Half an hour before the 
onset of symptoms, he vomited a large amount of 
gastric contents after eating street food. On physical 
examination, his breathing was found to be rapid and 
shallow. Palpable crepitus was noted in the neck, and 
breath sounds at the base of the right lung were 
diminished. Computed tomography of the chest is 
shown here. What is the most likely diagnosis? 

Aortoesophageal fistula

Aspiration pneumonitis

Esophageal rupture

Perforated Peptic Ulcer

Tension Pneumothorax with 
subcutaneous emphysema

Computed tomography of the chest revealed air in 
the mediastinum extending up to the neck, a 
perforation of the esophagus, a pleural effusion on 
the right side, and atelectasis in the right lung. An 
esophagram that was obtained with the use of water-
soluble contrast material confirmed a large laceration 
of the esophagus with extravasation of the contrast 
material into the mediastinum. A diagnosis of the 
Boerhaave syndrome — life-threatening, spontaneous 
rupture of the esophagus owing to severe vomiting or 
retching — was made. 



Das Boerhaave-Syndrom ist eine seltene, 
aber lebensbedrohliche Erkrankung, bei der 
es zu einem Riss (Ruptur) in der Speiseröhre 
(Ösophagus) kommt, meist ausgelöst durch 
starkes Erbrechen. Es ist eine Form der 
Ösophagusperforation und wird auch als 
spontane Ösophagusruptur bezeichnet.

Das Boerhaave-Syndrom, welches nach ihm 
benannt wurde, bezeichnet die Ruptur der 
Speiseröhre bei heftigem Würgen, Husten 
oder Erbrechen. Boerhaave soll selbst gern an 
ausschweifenden Essgelagen teilgenommen 
haben. Als dabei einmal einem Freund die 
Speiseröhre riss und dieser anschließend 
starb, wurde er kurz nach seinem Tod durch 
Boerhaave obduziert. Dieser erkannte die 
Todesursache und gab ihr seinen Namen.

Herman Boerhaave 31. Dezember 1668 in Voorhout; 
† 23. September 1738 in Leiden) war 
ein niederländischer Mediziner, Chemiker und Botanik
er. Er war Hochschullehrer (Professor) in Leiden. 
Sein botanisches Autorenkürzel lautet „Boerh.“.



Mismatch repair mechanism. The MMR pathway consists 
of several steps: MSH2-MSH6 detects mismatch and 
recruits MLH1-PMS2, hence the complex activates EXO1, 
exonuclease 1, which proceeds to the excision at the 
strand break. The resulting DNA gap is filled by RPA, 
replication protein A and DNA polymerase.

Eine DNA-Mismatch-Reparatur (MMR) ist ein zellulärer 
Mechanismus, der DNA-Basenfehlpaarungen 
(Mismatches) und kleine Insertionen/Deletionen, die 
während der DNA-Replikation oder durch andere Schäden 
entstehen, korrigiert. Dieser Prozess trägt zur 
Aufrechterhaltung der genetischen Stabilität bei, indem er 
Fehler in der DNA-Sequenz beseitigt.

Was ist eine DNA-Fehlpaarung?
Eine DNA-Fehlpaarung (Mismatch) liegt vor, wenn zwei 
Basen, die nicht komplementär zueinander sind, in der 
Doppelhelix des DNA-Moleküls nebeneinander 
liegen. Dies kann beispielsweise passieren, wenn während 
der Replikation eine falsche Base in den neu 
synthetisierten DNA-Strang eingebaut wird.

Erkennung:
Proteine, wie z.B. MutS-Homologe (MSH2, MSH3, MSH6 in 
Eukaryoten) binden an die Fehlpaarung und leiten den 
Reparaturprozess ein.

Entfernung:
Ein oder mehrere DNA-Abschnitte, die die Fehlpaarung 
enthalten, werden von Enzymen (Exonukleasen) entfernt.



dMMR steht für "defiziente Mismatch-Reparatur" 
(deficient mismatch repair). Es handelt sich um 
eine genetische Veränderung, bei der die Fähigkeit 
des Körpers, Fehler bei der DNA-Replikation zu 
reparieren, beeinträchtigt ist. Diese 
Fehlpaarungsreparatur (MMR) ist wichtig, um 
Mutationen und somit auch Krebs zu 
verhindern. Ein dMMR-Tumor hat eine erhöhte 
Wahrscheinlichkeit, Mutationen anzusammeln, 
was zu Krebs führen kann, insbesondere bei 
Darmkrebs, Endometriumkrebs und anderen 
gastrointestinalen Tumoren.
dMMR ist ein Mechanismus, der Fehler bei der 
DNA-Replikation korrigiert. Ein defektes MMR-
System führt zu einer Anhäufung von 
Mutationen.
Wie wird dMMR festgestellt?
DMMR kann durch Tests auf 
Mikrosatelliteninstabilität (MSI) oder durch den 
Nachweis fehlender MMR-Proteine festgestellt 
werden



Deficiency in DNA mismatch repair (dMMR) is a common pathway of 
carcinogenesis across different tumour types and confers a 
characteristic microsatellite instability-high (MSI-H) molecular 
phenotype. The prevalence of the MSI-H/dMMR phenotype is highest in 
endometrial and colorectal cancers, and this phenotype is associated 
with a distinct tumour biology, prognosis and responsiveness to various 
anticancer treatments. Interest in this tumour molecular subtype has 
increased following the discovery of the high sensitivity of metastatic 
MSI-H/dMMR cancers to immune-checkpoint inhibitors (ICIs) in a 
histology-agnostic manner, which reflects the genomic hypermutation 
resulting from dMMR that renders these tumours highly immunogenic 
and immune infiltrated. This vulnerability is now also being exploited in 
early stage disease settings. Despite this common biological foundation, 
different MSI-H/dMMR cancers have histotype-specific features that 
correspond to their particular cell or tissue of origin, which might be 
associated with differences in prognosis and sensitivity to ICIs. In this 
Review, we provide an overview of the epidemiology, biology, 
pathogenesis, clinical diagnosis and treatment of MSI-H/dMMR tumours 
as a histology-agnostic cancer phenomenon. We also highlight 
peculiarities associated with specific pathogenetic alterations and 
histologies of MSI-H/dMMR tumours.



dMMR (mismatch repair deficient) tumors are highly 
immunogenic due to a high tumor mutational burden 
(TMB) and the resulting generation of numerous 
neoantigens. These neoantigens, which are essentially 
mutated protein fragments, are recognized as foreign by 
the immune system, triggering an immune response, 
particularly by T cells. This increased immunogenicity 
makes dMMR tumors highly responsive to 
immunotherapies like checkpoint inhibitors.

Neoantigen Production:
These mutations lead to the production of novel, 
mutated proteins (neoantigens) that are not normally 
present in the body.
Immune Recognition:
The immune system recognizes these neoantigens as 
foreign and mounts a T cell response against the tumor 
cells.
Immunotherapy Response:
This robust immune response makes dMMR tumors 
highly susceptible to immunotherapies that block 
immune checkpoints, such as PD-1 and CTLA-4, allowing 
the T cells to effectively target and kill the cancer cells.



Background
Among patients with mismatch repair–deficient (dMMR), locally advanced rectal cancer, 
neoadjuvant checkpoint blockade eliminated the need for surgery in a high proportion of patients. 
Whether this approach can be extended to all early-stage dMMR solid tumors, regardless of tumor 
site, is unknown.
Methods
We conducted a phase 2 study in which patients with stage I, II, or III dMMR solid tumors that were 
amenable to curative-intent surgery were treated with neoadjuvant dostarlimab, a programmed cell 
death 1 (PD-1) blocking agent, for 6 months. The response to treatment was assessed in two 
cohorts: patients in cohort 1 had dMMR, locally advanced rectal cancer, and patients in cohort 2 had 
dMMR nonrectal solid tumors. Patients with a clinical complete response could elect to proceed with 
nonoperative management; those with residual disease were to undergo resection. In this analysis, 
the primary end point, assessed in cohort 1, was a sustained clinical complete response at 12 
months. Recurrence-free survival and safety were evaluated.
Conclusions
Among patients with early-stage dMMR solid tumors that were amenable to curative-intent surgery, 
neoadjuvant PD-1 blockade led to organ preservation in a high proportion of patients. 



Mismatch repair–deficient (dMMR) tumors are highly sensitive to immune checkpoint blockade, and in 
the context of metastatic disease, a substantial clinical benefit has been seen with this treatment 
across tumor types. This finding resulted in the first tumor-agnostic approval by the Food and Drug 
Administration, with immune checkpoint blockade indicated for all metastatic dMMR cancers, 
regardless of tumor site. As neoadjuvant therapy, immune checkpoint blockade has resulted in 
elimination of the primary tumor in patients with colorectal cancers, and for rectal cancer specifically, 
data from our earlier study suggested that surgery can be averted when a clinical complete response is 
attained.
The complete elimination of dMMR primary tumors with the use of programmed cell death 1 (PD-1) 
blockade alone in patients with rectal cancer has led to the question of whether this approach could 
be extended beyond rectal cancer to all early-stage dMMR solid tumors, regardless of tumor site — 
mirroring the benefit of immune checkpoint blockade across metastatic dMMR cancers. The potential 
effect is substantial, given that 2 to 3% of all early-stage solid tumors have an dMMR phenotype. 
Despite data supporting the efficacy of this treatment for metastatic disease, a concern with 
neoadjuvant therapy is that the “window of opportunity” for curative resection may lapse if the tumor 
progresses and becomes unresectable during the course of treatment with an immune checkpoint 
inhibitor.
To test the premise of nonoperative management of early-stage dMMR solid tumors, patients were 
treated with neoadjuvant dostarlimab, a PD-1 blocking agent, for 6 months and were monitored for 
response, progression, or recurrence.



Methods
Patients
Patients underwent screening at Memorial Sloan Kettering Cancer Center, Hartford HealthCare, and 
Baptist Health Miami Cancer Institute. Patients were referred for enrollment in the study if they had a 
newly diagnosed stage I, II, or III solid tumor that was amenable to curative-intent surgery and was 
dMMR, with loss of expression of MLH1, MSH2, MSH6, or PMS2 on immunohistochemical staining. 
Study Design
This phase 2 study was designed to evaluate the response to neoadjuvant dostarlimab, which was 
administered intravenously at a dose of 500 mg every 3 weeks for 6 months (nine cycles), in two 
cohorts: patients in cohort 1 had dMMR, locally advanced rectal cancer, and patients in cohort 2 had 
dMMR nonrectal solid tumors. 
End Points
The first primary end point was overall response. The second primary end point was a sustained clinical 
complete response at 12 months after completion of dostarlimab therapy, with or without 
chemoradiotherapy, in patients who had not undergone surgery or had proceeded to surgery and had a 
pathological complete response. 
Tumor Genomic Analyses
Genomic sequencing was performed on DNA from tumor tissue and matched normal blood samples for 
the detection of somatic and germline genomic alterations.





Adverse Events.Characteristics of the Patients and the Tumors at Baseline.





Discussion
The data from this study, which were obtained from a small group 
of patients with stage I, II, or III dMMR solid tumors, showed that 
neoadjuvant PD-1 blockade enabled a nonoperative management 
strategy in a high proportion of patients. As seen in the context of 
metastatic disease, the efficacy of immune checkpoint blockade 
appeared to be relatively tumor-agnostic, driven primarily by the 
dMMR phenotype rather than the tumor site of origin.



Among patients with dMMR solid tumors that were amenable to curative-intent surgery, the use of 
neoadjuvant PD-1 blockade for 6 months was associated with few adverse events. The option for 
curative resection was not compromised in any of the patients, although the course of treatment was 
longer than that in other studies of neoadjuvant therapy. A major concern with neoadjuvant therapy is 
that the “window of opportunity” for resection may lapse if the tumor grows and spreads to the point of 
no longer being amenable to curative-intent surgery. Therefore, the duration of treatment is often 
limited to a few cycles. To maximize the clinical response, we administered immune checkpoint blockade 
for 6 months — a duration of treatment that in previous studies appeared to result in a higher clinical 
complete response rate than shorter durations. Organs were preserved without additional therapy. Three 
patients who had rectal cancer were subsequently able to conceive and deliver healthy children, which 
would not have been possible with standard treatment for rectal cancer.
Among patients who did not have a clinical complete response, the most common tumor types were 
prostate and gastroesophageal tumors. Beyond these cases, the reason that different sites of primary 
disease were associated with different results for clinical complete response is unclear. The microbiome 
and other cellular components of the tumor microenvironment, such as myeloid cells, and the 
underlying tumor heterogeneity probably contributed to these outcomes. It is possible that a longer 
duration of treatment or the administration of combination immune checkpoint blockade would have led 
to a complete response in these patients.
This study provides a foundation for altering the traditional therapeutic paradigm for early-stage dMMR 
solid tumors and eliminating the need for surgery and other therapies in most patients.



Myasthenie, auch bekannt als Myasthenia gravis, ist 
eine seltene autoimmune Erkrankung. Krankhafte 
Antikörper verwechseln das eigene Gewebe mit 
Fremdkörpern und bekämpfen es. Die Kommunikation 
zwischen den Nerven und Muskeln wird nachhaltig 
gestört. Typischerweise macht sich das zunächst an den 
Augen bemerkbar.



Inebilizumab



Autoimmune generalized myasthenia gravis is a disease that manifests with 
fluctuating muscle weakness. Inebilizumab is a monoclonal antibody that 
depletes CD19+ B cells, which are central to disease pathogenesis. In this phase 
3, double-blind, randomized, placebo-controlled trial, we enrolled participants 
with myasthenia gravis who had anti–acetylcholine receptor antibodies or 
anti–muscle-specific kinase antibodies. Participants were randomly assigned, in 
a 1:1 ratio, to receive intravenous inebilizumab (300 mg administered on days 1 
and 15 for all, and additionally on day 183 for participants who were 
acetylcholine receptor antibody–positive) or matching placebo for 52 weeks (in 
participants who were acetylcholine receptor antibody–positive) or 26 weeks 
(in those who were muscle-specific kinase antibody–positive). Glucocorticoid 
therapy was tapered, starting at week 4, to a target of 5 mg per day by week 
24. The primary end point was the change from baseline in the score on the 
Myasthenia Gravis Activities of Daily Living scale (MG-ADL; scores range from 0 
to 24, with higher scores indicating greater disease activity) at week 26 in the 
combined acetylcholine receptor antibody–positive and muscle-specific kinase 
antibody–positive trial populations. A key secondary end point was the change 
from baseline in the score on the Quantitative Myasthenia Gravis scale (QMG; 
scores range from 0 to 39, with higher scores indicating greater disease 
activity) at week 26 in the combined population. Safety was assessed.



Autoimmune myasthenia gravis is a disorder in which autoreactive B cells (including antibody-
secreting plasmablasts and plasma cells) produce autoantibodies that affect postsynaptic 
neuromuscular transmission by targeting acetylcholine receptors or related molecules, causing 
fluctuating muscle weakness. Most patients have generalized myasthenia gravis, and approximately 
80% have detectable antibodies against acetylcholine receptors; however, a smaller percentage (7 to 
10%) have detectable antibodies against muscle-specific kinase. Although patients with different 
antibody subtypes may present with similar symptoms, the underlying immunopathologic features 
are distinct. Long-lived plasma cells (CD19+ and, more commonly, CD20−) are believed to be the 
primary source of acetylcholine receptor autoantibodies, whereas short-lived plasmablasts (CD19+ 
and CD20+) may be the main source of muscle-specific kinase autoantibodies.
Participants
Participants were positive for anti–acetylcholine receptor antibodies or anti–muscle-specific 
kinase antibodies, were at least 18 years of age, and had received a diagnosis of generalized 
myasthenia gravis. 
End Points
The primary end point was the change from baseline in the MG-ADL score at week 26 in the 
combined population, a revision from the original primary end point that separated the two 
subpopulations at different time points.



Demographic and Clinical Characteristics of the Participants 



Primary and Key Secondary End Points (Full Analysis Population).







Summary of Adverse Events Occurring during the 
Randomized, Controlled Period (Safety Analysis Population). Discussion

This phase 3 trial provided evidence for the 
efficacy and safety of inebilizumab in adults with 
generalized myasthenia gravis. Improvements in 
the inebilizumab group were apparent across 
outcome measures. A −1.9-point difference 
relative to placebo in the mean change from the 
baseline in the MG-ADL score and a −2.5-point 
difference in the mean change from the baseline 
in the QMG score at week 26 were observed in 
the combined trial population. In both the 
acetylcholine receptor antibody–positive and 
muscle-specific kinase antibody–positive 
subpopulations at week 26, improvements were 
seen in the mean MG-ADL score; however, the 
difference in the mean QMG score at week 26 for 
the muscle-specific kinase antibody–positive 
subpopulation was not significant. In addition, 
more participants treated with inebilizumab had 
an improvement of at least 3 points in the mean 
MG-ADL score. 





NSCLC with HER2 (4%)



HER2 (human epidermal growth factor receptor 2) ist ein Protein, das das Wachstum von Zellen anregt. Bei 
Brustkrebs kann eine Überexpression von HER2 zu einem aggressiveren Tumorwachstum führen. Tumore, die viel 
HER2 produzieren, werden als HER2-positiv bezeichnet und sprechen oft gut auf zielgerichtete Therapien an, die auf 
das HER2-Protein abzielen.



Innovative oral targeted therapies are warranted for patients with human 
epidermal growth factor receptor 2 (HER2)–mutant non–small-cell lung cancer 
(NSCLC). Zongertinib is an oral, irreversible, HER2-selective tyrosine kinase 
inhibitor that has been shown to have efficacy in persons with advanced or 
metastatic solid tumors with HER2 alterations in a phase 1 study. We 
evaluated zongertinib in a multicohort, phase 1a–1b trial involving patients 
with advanced or metastatic HER2-mutant NSCLC. Here we report the primary 
analysis of zongertinib in previously treated patients: those with tumors 
harboring a mutation in the tyrosine kinase domain (cohort 1), those with 
tumors harboring a mutation in the tyrosine kinase domain previously treated 
with a HER2-directed antibody–drug conjugate (cohort 5), and those with 
tumors harboring a non–tyrosine kinase domain mutation (cohort 3). In 
cohort 1, patients were initially randomly assigned to receive zongertinib at a 
dose of 120 mg or 240 mg once daily. Patients in cohorts 5 and 3 initially 
received 240 mg daily. After an interim analysis of data from cohort 1, 
subsequently recruited patients across all cohorts received zongertinib at a 
dose of 120 mg. The primary end point was an objective response assessed by 
blinded independent central review (cohorts 1 and 5) or by investigator review 
(cohort 3). Secondary end points included the duration of response and 
progression-free survival.



According to recent real-world studies involving patient registries, mutations in human epidermal 
growth factor receptor 2 (HER2; also known as ErbB-2 receptor tyrosine kinase 2 [ERBB2]) are present 
in approximately 2 to 4% of non–small-cell lung cancers (NSCLCs). HER2 mutations are most common 
within the active site of the tyrosine kinase domain (approximately 53% occur in exons 18 to 21), 
particularly exon 20, and are mostly insertion mutations. Other HER2 mutations are highly 
heterogeneous and occur predominantly in the extracellular domain (approximately 25%) and the 
transmembrane domain (approximately 10%) of the receptor.
Study Design and Patients
Phase 1b of the trial assessed the efficacy and safety of zongertinib in patients with 
previously treated HER2-mutant advanced or metastatic NSCLC: those with nonsquamous 
NSCLC with a mutation in the tyrosine kinase domain (cohort 1), those with nonsquamous 
NSCLC with a mutation in the tyrosine kinase domain who had been previously treated with a 
HER2-directed antibody–drug conjugate (cohort 5), and those with nonsquamous NSCLC with 
a non–tyrosine kinase domain mutation or with squamous NSCLC with a mutation in the 
tyrosine kinase domain (exploratory cohort 3).
End Points
The primary end point was an objective response (a best overall complete or partial 
response) as assessed by blinded independent central review (cohorts 1 and 5) or investigator 
review (cohort 3) according to RECIST, version 1.1.



Response to Zongertinib at a Dose of 120 mg in Cohort 1.



Safety Summary and the Most Common Drug-Related Adverse Events among the 75 Patients in 
Cohort 1 Treated with Zongertinib at a Dose of 120 mg.









Jahrhunderts noch „Würgeengel der Kinder“ genannt, ist eine 
vor allem im Kindesalter auftretende, akute 
Infektionskrankheit, die durch eine Infektion der oberen 
Atemwege mit dem grampositiven Corynebacterium 
diphtheriae, dem „Diphtheriebazillus“, hervorgerufen wird 
(Rachendiphtherie).



A surge of cases of Corynebacterium diphtheriae infection was observed in reception centers for 
migrants in Europe beginning in the summer of 2022. Most of the cases were cutaneous, although 
some respiratory cases as well as one death were reported. A pan-European consortium was 
created to assess the clinical, epidemiologic, and microbiologic features of this outbreak.
We assessed cases of toxigenic C. diphtheriae infection that were reported in 10 European 
countries from January through November 2022. Data regarding countries of origin and transit 
routes were obtained from interviews with the patients. Whole-genome sequencing and 
antimicrobial-susceptibility testing were performed on bacterial isolates that were obtained from 
the patients. The phylogenetic relationships of the isolates and their antimicrobial-resistance genes 
were evaluated.
Conclusions
The distribution of each genetic cluster of C. diphtheriae isolates across multiple countries 
in Europe showed repeated cross-border spread. The large number of C. diphtheriae 
infections among migrants is a cause for concern, particularly given that antimicrobial-
resistance phenotypes threaten the efficacy of first-line treatments. (Funded by the 
Bavarian State Ministry of Health, Care, and Prevention and others.)



Diphtheria is a potentially life-threatening and highly transmissible disease that typically causes 
respiratory illness but can also cause cutaneous lesions. The main causative agents are toxigenic 
strains of the bacterium Corynebacterium diphtheriae, which express diphtheria toxin, a potent 
exotoxin that inhibits protein synthesis in eukaryotic cells. Respiratory diphtheria is historically 
the most frequently detected form; patients with respiratory diphtheria present with symptoms 
such as sore throat with pseudomembranes and low-grade fever. Cutaneous diphtheria, 
characterized by skin ulcers sometimes surrounded by a greyish membrane, typically does not 
lead to severe complications but can play an important role in transmission. The production of 
diphtheria toxin can result in complications such as myocarditis, polyneuropathy, and acute 
kidney disease. Unvaccinated children younger than 5 years of age are particularly susceptible 
to diphtheria. The estimated case fatality rate among unvaccinated persons with untreated 
respiratory diphtheria is 29%.
Between 2016 and 2021, an annual mean of 27 cases of C. diphtheriae infection in the 
European Union (EU) and the European Economic Area (EEA) were reported to the European 
Center for Disease Prevention and Control (ECDC). However, diphtheria remains endemic or can 
become epidemic in regions of the world where vaccine coverage is suboptimal. Diagnosed 
cases in the EU and EEA are often observed among travelers and migrants from such regions.













Discussion
This outbreak represents the largest rise in diphtheria cases seen in western Europe in the past 70 
years. It occurred primarily among displaced populations entering the region. No secondary 
infections were documented among the resident populations in 2022, and only seven such 
infections were detected in 2023.
The prevalence of cases among male migrants could potentially be explained by 
differences between women and men in health care–seeking behavior. However, countries 
that screen all incoming migrants did not identify higher proportions among women.
The macrolide resistance observed in GC9 poses a substantial threat to treatment 
outcomes, increases the likelihood of systemic complications warranting diphtheria 
antitoxin treatment, and may favor transmission. Although most cases were managed with 
antibiotics only, some patients with respiratory cases received diphtheria antitoxin 
treatment. In some countries (e.g., Switzerland), a booster vaccine was supplied in the 
refugee camps.
Increasing the global production of diphtheria antitoxin and maintaining a stable, 
communal stockpile that can be rapidly deployed in outbreak situations should also be an 
international public health priority.



Hereditary papillary renal cell carcinoma (HPRC) is a 
rare, inherited disorder that significantly increases the 
risk of developing papillary renal cell carcinoma, a type 
of kidney cancer. It's characterized by the development 
of multiple, often bilateral (both kidneys) and multifocal 
(multiple tumors in one or both kidneys) tumors. HPRC 
is caused by mutations in the MET gene.

Hereditary leiomyomatosis and renal cell cancer (HLRCC) 
is a genetic disorder characterized by the development 
of benign smooth muscle tumors (leiomyomas) in the 
skin and uterus, and an increased risk of developing 
kidney cancer, specifically a type called papillary renal 
cell carcinoma. It is caused by mutations in the FH 
gene, which plays a role in a cellular process called 
the tricarboxylic acid cycle.

Papillary Kidney Cancer



The Warburg effect, where cancer cells favor glycolysis even with oxygen present, is thought to benefit them by rapidly 
providing building blocks for cell growth and survival, as well as potentially aiding in evading cell death and promoting 
metastasis. While the exact reasons for this metabolic shift are still being researched, it's believed to be linked to the 
high demands of rapidly dividing cancer cells. “The Warburg effect drives cancer cells to metabolize glucose 
anaerobically, leading to lactate accumulation. This lactate drives a process that helps cancer cells repair DNA and resist 
chemotherapy. By reducing lactate, we can make cancer cells more sensitive to treatment.”



ErlotinibBevacizumab



Hereditary leiomyomatosis and renal-cell cancer (HLRCC) is an inherited disorder characterized 
by germline pathogenic variants in the gene encoding fumarate hydratase and an increased risk 
of papillary renal-cell carcinoma. No effective therapy is known for patients with advanced 
HLRCC-associated papillary renal-cell carcinoma, and most patients die from progressive 
disease.
In this open-label, phase 2 study, we evaluated the efficacy of bevacizumab (10 mg per 
kilogram of body weight every 2 weeks) and erlotinib (150 mg once daily) in patients with 
advanced HLRCC-associated or sporadic papillary renal-cell carcinoma. The primary end point 
was overall response; secondary end points included progression-free and overall survival.
Conclusions
The combination of bevacizumab and erlotinib showed antitumor activity in patients with 
HLRCC-associated or sporadic papillary renal-cell carcinoma. Toxic effects were those known to 
be associated with this combination. 



Renal-cell carcinoma comprises several histologically defined subtypes with distinct genetic and 
clinical features; altogether, renal-cell carcinoma contributes to more than 179,000 deaths 
worldwide annually. Papillary renal-cell carcinoma is the second most common subtype and occurs 
in both sporadic and hereditary forms, but few effective treatments for advanced papillary renal-
cell carcinoma exist.  Hereditary leiomyomatosis and renal-cell cancer (HLRCC), an autosomal 
dominant inherited disorder characterized by inactivating germline variants in the gene encoding 
fumarate hydratase (FH), is associated with a predisposition to the development of an aggressive 
form of papillary renal-cell carcinoma.
Agents such as cabozantinib and immune checkpoint inhibitors have been shown to have 
activity in patients with advanced papillary renal-cell carcinoma, although their activity in 
patients with HLRCC has not been prospectively evaluated.
Loss of fumarate hydratase activity has been shown to lead to accumulation of its 
substrate, fumarate. Fumarate is an oncometabolite that can alter the transcriptional 
activity of various genes through dioxygenase inhibition and post-translational covalent 
modification of cysteine residues (succination) in specific proteins. Fumarate hydratase–
deficient renal tumors are characterized by impaired oxidative phosphorylation and 
dependence on aerobic glycolysis for cellular bioenergetic requirements, thus providing a 
canonical example of the Warburg effect in human cancer. 



Patients
Eligible patients had a diagnosis of either advanced HLRCC-associated papillary renal-cell 
carcinoma or sporadic papillary renal-cell carcinoma with measurable disease as outlined in the 
Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1.
Study Design and Oversight
This open-label, single-group, phase 2 study of bevacizumab and erlotinib was conducted at the 
National Institutes of Health Clinical Center. Bevacizumab was administered at a dose of 10 mg 
per kilogram of body weight intravenously every 2 weeks, and erlotinib was administered at a 
dose of 150 mg orally once daily during each 28-day cycle. 
End Points and Assessments
The primary end point was investigator-assessed overall response as measured according to 
RECIST, version 1.1. Key secondary end points included progression-free survival, overall survival, 
and response duration.



Best Response in Papillary Renal-Cell Carcinoma.







Discussion
Notable advances have been made over the past 15 years in the management of advanced 
clear-cell renal-cell carcinoma, with a combination of antiangiogenic agents and immune 
checkpoint inhibitors now the standard of care. Few effective options exist for other variants 
of renal-cell carcinoma, which is exemplified by HLRCC-associated papillary renal-cell 
carcinoma. This variant is typically associated with an aggressive clinical course; most 
patients die from progressive disease, with a median overall survival of 16 to 21 months in 
most retrospective series. This study showed that the combination of bevacizumab and 
erlotinib was effective in these patients, and durable responses were seen in a subset of 
patients with sporadic papillary renal-cell carcinoma. Standard VEGFR TKIs provide a low-
level benefit for advanced HLRCC-associated papillary renal-cell carcinoma and are currently 
being evaluated in combination with immune checkpoint inhibitors. For patients with 
sporadic papillary renal-cell carcinoma, several phase 2 studies have shown the activity of 
immune checkpoint inhibitors and multi–tyrosine kinase inhibitors in previously untreated 
patients, but identifying additional treatments is critical.



A 55-year-old woman with well-controlled hypertension and a 20-pack-year smoking 
history presents to her primary care physician with occasional throbbing headaches on 
the left side and a recent episode of blurred vision. Her mother died of a subarachnoid 
hemorrhage at 62 years of age, and her uncle was treated for an unruptured brain 
aneurysm. On examination, her blood pressure is 135/85 mm Hg, with no focal 
neurologic deficits. Magnetic resonance angiography (MRA), performed as part of her 
headache evaluation, reveals a 6-mm saccular aneurysm in the posterior 
communicating artery, arising from the proximal aspect of the artery; the finding was 
confirmed by digital subtraction angiography. The patient is currently asymptomatic 
and concerned about the risk of aneurysm rupture and the risks associated with 
potential interventions. How should her care be managed?



Imaging in a Patient with a Posterior Communicating Aneurysm.

In Panel A, digital subtraction angiography shows a 6-mm posterior communicating aneurysm 
(arrow) in a woman 55 years of age. A three-dimensional reconstruction of the aneurysm is shown 
in Panel B.







Five-Year Risk of Intracranial Aneurysm 
Rupture According to PHASES Score.

The PHASES score is based on population, 
hypertension, age, size of aneurysm, earlier 
subarachnoid hemorrhage, and site of 
aneurysm. Scores range from 0 to 22, with 
higher scores indicating a higher risk of 
rupture.

Incidence of Aneurysm Rupture According to the UCAS (1-Year 
Incidence) and the ISUIA (Overall Incidence).



Scoring Systems That Form the Basis of the Clinical Rationale 
for Monitoring Aneurysm Growth and Rupture.



Conclusion
The patient in the vignette has a small (6 mm), asymptomatic saccular aneurysm 
emanating from the posterior communicating artery, her medical history includes 
hypertension and smoking, and she has a family history of subarachnoid hemorrhage. 
According to size alone, the risk of rupture is low; however, given the patient’s 
moderate risk of rupture (a PHASES score of 5 [on a range of 0 to 22, with higher scores 
indicating a higher risk of rupture]) based on her relatively young age, the irregular 
aneurysm shape, a positive family history, the presence of hypertension, and her 
smoking history, I would favor an invasive treatment strategy. Discussions with the 
patient will involve weighing the two treatment approaches, with surgical clipping 
offering a more definitive yet more invasive option, whereas endovascular techniques 
are less invasive, safer, and have similar long-term efficacy. The treatment for this 
patient will follow a shared decision-making process that involves weighing the risks, 
benefits, and the patient’s lifestyle preferences. While waiting for treatment, or if the 
patient prefers surveillance monitoring, I would counsel the patient on signs of 
aneurysm rupture and recommend seeking immediate medical attention if symptoms 
arise, including a sudden severe headache that feels like the worst headache she has 
ever had, neck stiffness, and changes in vision.





A 61-year-old man was transferred to this hospital because of acute hypoxemic respiratory failure 
and shock. Ten weeks earlier, the patient had undergone deceased-donor kidney transplantation at 
this hospital for hypertensive nephrosclerosis-related end-stage kidney disease. After transplantation, 
the patient’s hospitalization was notable for the administration of antithymocyte globulin induction 
therapy; delayed graft function with hyperkalemia, for which he underwent two sessions of 
hemodialysis; and urinary retention. On postoperative day 4, he was discharged home with 
instructions to take oral prednisone, tacrolimus, mycophenolate sodium, trimethoprim–
sulfamethoxazole, and valganciclovir.
Six weeks after transplantation (4 weeks before the current admission), during a follow-up visit in the 
transplantation clinic, the creatinine level was 1.60 mg per deciliter (141 μmol per liter; reference 
range, 0.60 to 1.50 mg per deciliter [53 to 133 μmol per liter]); however, hyperglycemia was noted, 
with a glycated hemoglobin level of 7.7% (reference value, <5.7). Treatment with a once-weekly 
injection of semaglutide was started.
One week later, the patient was evaluated at the emergency department of another hospital for 
erythema and swelling of the left ankle after being scratched by a domestic cat. A radiograph of the 
ankle reportedly showed soft-tissue swelling. A course of amoxicillin–clavulanate was prescribed.



Initial Imaging Studies of the Chest Obtained at the Other Hospital.
A posteroanterior chest radiograph obtained on the 9th day of 
hospitalization at the other hospital (Panel A) shows fullness in the hila, 
indistinctness of the pulmonary vasculature, thickening of the minor 
fissure, and peripheral interlobular septal thickening. A posteroanterior 
chest radiograph obtained on the 10th day of hospitalization at the other 
hospital (Panel B) shows mildly increased pulmonary edema. On the same 
day, axial projection CT images, obtained without the administration of 
contrast material, in soft-tissue and lung windows show mediastinal and 
hilar lymphadenopathy (Panel C, arrows) and diffuse ground-glass opacities 
and interlobular thickening (Panel D).

Under
Steroids



The patient’s medical history included hypertension, type 2 diabetes mellitus, hyperlipidemia, 
coronary calcifications, ectasia of the aorta, hyperparathyroidism for which he had undergone 
parathyroidectomy, obstructive sleep apnea, kyphoplasty at the level of the first lumbar 
vertebra, and repair and internal fixation of a left ankle fracture. The patient had been 
undergoing hemodialysis for 6 years while awaiting kidney transplantation. Outpatient 
medications included oral prednisone, tacrolimus, mycophenolate sodium, trimethoprim–
sulfamethoxazole, valganciclovir, furosemide, labetalol, famotidine, and tamsulosin, as well as 
subcutaneous semaglutide. (11 preparations) Atenolol had caused constipation, and 
amitriptyline had caused dry mouth.
The patient’s family history was notable for diabetes in multiple maternal relatives, renal 
insufficiency in his mother, and prostate cancer in his father. The patient had smoked cigarettes 
for 20 years but had quit 25 years before the current admission. He did not drink alcohol or use 
other substances. He had lived in New England his entire life, except for 18 months during his 
teenage years, when he resided in the southern United States; he had not otherwise traveled. 
He had been previously employed in food service and education and had not had any known 
occupational exposures. He enjoyed gardening and had healthy domestic cats and a dog at 
home.



On examination, the esophageal temperature was 
38.1°C, the heart rate 123 beats per minute, and the 
blood pressure 114/58 mm Hg while the patient was 
receiving infusions of norepinephrine at a rate of 36 
μg per minute and vasopressin. The weight was 
109.0 kg. The oxygen saturation was 97% while he 
was receiving oxygen through a mechanical 
ventilator in volume-control mode (tidal volume, 500 
ml at a rate of 20 breaths per minute; positive end-
expiratory pressure, 8 cm of water; fraction of 
inspired oxygen, 0.50). No oral mucosal lesions were 
present. Auscultation of the chest revealed diffuse 
crackles in the lungs. The heart was tachycardic. The 
abdomen was distended and tense, with few bowel 
sounds. The kidney allograft site in the right lower 
quadrant was nonerythematous; no bruit was 
detected. A purpuric rash was present on the 
abdomen. An arteriovenous fistula in the left upper 
arm was associated with a weak thrill and bruit. 
Symmetric leg edema was present.



A chest radiograph (Figure 3A) showed diffuse bilateral 
interstitial and airspace opacities that were more extensive in 
the left lung than in the right lung. The endotracheal tube, 
central venous catheter in the right internal jugular vein, and 
nasogastric tube were all in appropriate positions. An 
abdominal radiograph obtained on the same day (Figure 3B) 
showed diffuse gaseous distention of the small and large 
bowel.
Intravenous vancomycin and meropenem therapy was 
continued, and methylene blue therapy was started.
Diagnostic tests were performed.



Differential Diagnosis
I participated in the care of this patient, and I am aware of the final diagnosis in this case. 
Approximately 10 weeks after uneventful kidney transplantation, this 61-year-old man was transferred 
to this hospital with acute hypoxemic respiratory failure and shock. Features of his combined hospital 
course included progressively worsening acute kidney injury, leukocytosis, eosinophilia, volume 
overload, emesis, ileus, and abdominal pain. Chest imaging was notable for extensive interstitial and 
ground-glass opacities and mediastinal and hilar lymphadenopathy. Despite the administration of 
broad-spectrum antimicrobial therapy, the patient’s condition progressively worsened.
Looking back at the patient’s history, I had seen him during routine telemedicine evaluations 2 
years before transplantation. At that time, he had minimal exposure to sources of infection and 
few risk factors. On evaluation, we learned that he had four cats and a dog and volunteered at 
a cat rescue center, and he had lived in the southern United States for 18 months as a teenager. 
The absolute eosinophil count was normal at the time of transplantation (160 per microliter) 
and remained normal until 67 days after transplantation, when it increased to 550 per 
microliter and remained elevated until admission to this hospital (absolute eosinophil count on 
admission, 980 per microliter). We also learned that the patient had been scratched by a cat 3 
weeks earlier; the cat scratch was unrelated to his current presentation, although disseminated 
bartonella infection would be in the differential diagnosis (especially given the presence of 
eosinophilia).



I was especially intrigued by the patient’s eosinophilia, which is a very unusual feature in a patient 
who is taking prednisone. The cause of this patient’s elevated eosinophil count could be a parasitic 
infection, a drug reaction, or allograft rejection, among others. Given that the patient’s presentation 
is not consistent with a drug reaction or rejection of the kidney allograft, I think that the most likely 
explanation for his critical illness is a disseminated parasitic infection. The extent of eosinophilia in 
this patient is greater than that usually seen in patients with T. gondii or P. jirovecii infection, and 
these infections would also have been prevented with the prophylactic administration of 
trimethoprim–sulfamethoxazole. Other parasitic infections such as toxocariasis do not typically 
manifest with critical illness.
Although the patient did not have risk factors for previous exposure to strongyloides, donor-derived 
strongyloidiasis has been reported. Whenever I am caring for a recent transplant recipient with a 
clinical syndrome consistent with infection, I immediately contact New England Donor Services (a 
regional organ-procurement organization here in New England) to check the clinical status of other 
recipients who received an organ donation from the same donor. When I initially evaluated this 
patient, I thought that the most likely diagnosis was donor-derived disseminated strongyloidiasis, 
given his overall clinical presentation.

Diagnosis
Donor-derived disseminated strongyloidiasis.



Second  recipient

Strongyloides stercoralis, the parasitic worm that causes strongyloidiasis, is considered endemic 
in certain areas of the United States, particularly in the southeastern U.S. and Appalachia.



Donor-Derived Infection and Management
As soon as the patient was transferred to this hospital, I contacted New England Donor Services 
regarding my concern about a possible donor-derived infection. The organization verified that the 
donor had resided in the Caribbean and had not undergone testing for strongyloides. Subsequent 
post-transplantation testing of the donor’s blood revealed seropositivity for strongyloides. 
Pretransplantation testing of the recipient’s blood had been negative for strongyloides. These 
findings confirm a donor-derived infection. Other medical centers that had transplanted organs from 
the same deceased donor were notified.

Second Kidney-Transplant Recipient
The transplantation team received a call that day from the regional organ-procurement 
organization that the recipient of the donor’s other kidney was critically ill with 
disseminated strongyloidiasis. A prompt infectious-disease consultation was requested. 
Testing of a stool specimen for microscopic ova and parasites was positive for rhabditiform 
larvae. Treatment with ivermectin at a dose of 200 μg per kilogram of body weight per day 
and empirical treatment with piperacillin–tazobactam were initiated. During the next 3 
days, the patient’s kidney function and volume overload worsened, which led to two 
hemodialysis sessions. A kidney biopsy revealed evidence of nephrotoxicity that was 
presumed to be associated with calcineurin inhibitor therapy.



After discussions between the infectious-disease 
specialists who were caring for these respective 
patients and an expert parasitologist, therapy was 
intensified; the daily dose of oral ivermectin was 
doubled, and oral albendazole at a dose of 400 mg 
twice per day was added. Within 10 days after 
initiation of the dual antiparasitic therapy, the 
kidney function returned to baseline, the white-cell 
count normalized, and two consecutive parasitic 
examinations of stool were negative. After 2 weeks, 
albendazole was discontinued, and the dose of 
ivermectin was reduced to the standard dose for 1 
additional month. Two post-treatment stool studies 
were negative for strongyloides, and the patient has 
been thriving. Autoinfection



Discussion of Management after Kidney Transplantion
Four weeks after kidney transplantation, the first patient’s kidney graft had shown excellent function, 
with a nadir in the creatinine level of 1.46 mg per deciliter (129 μmol per liter). However, 
approximately 6 weeks after transplantation, BK virus viremia had developed, which led to a 50% dose 
reduction in mycophenolate sodium.
When the patient became critically ill with shock and respiratory failure due to disseminated 
strongyloidiasis, mycophenolate sodium and tacrolimus were discontinued, and stress-dose 
glucocorticoid therapy was started. The total IgG level was evaluated; the results ruled out 
hypogammaglobulinemia and thus obviated the need for intravenous immune globulin therapy.
Tacrolimus therapy was reintroduced once the patient’s condition became more hemodynamically 
stable. Mycophenolate sodium therapy was resumed 6 weeks after the patient was hospitalized, once 
control of strongyloidiasis had been established and a clinically significant decrease in BK virus viremia 
had occurred. Throughout the patient’s critical illness, the allograft maintained adequate function 
despite fluctuating creatinine levels, which were notably low (<0.8 mg per deciliter [<71 μmol per 
liter]) and possibly reflected a reduction in muscle mass due to critical-illness myopathy, which 
occurred during hospitalization. Eleven months after the current admission, the patient’s kidney 
function remains stable, with creatinine levels between 1.8 and 2.2 mg per deciliter (159 and 194 
μmol per liter).
Final Diagnosis
Disseminated strongyloidiasis.



Das Ovarialkarzinom ist ein maligner Tumor des Ovars (Eierstocks), an dem jährlich etwa 
9.000 Frauen in Deutschland erkranken. Es ist der zweithäufigste bösartige Genitaltumor der 
Frau, der mit einer hohen Mortalität verbunden ist.



Relacorilant ist ein oraler, selektiver Glukokortikoidrezeptor-
Modulator (SGRM), der von Corcept Therapeutics zur 
Behandlung von verschiedenen Erkrankungen, einschließlich 
des Cushing-Syndroms und verschiedener Tumorarten, 
untersucht wird. Es ist ein oraler, selektiver 
Glukokortikoidrezeptor-Antagonist, der die Cortisolaktivität 
durch Bindung an den Glukokortikoidrezeptor moduliert, ohne 
andere Hormonrezeptoren im Körper zu beeinflussen.

Anwendungsgebiete:
Neben dem Cushing-Syndrom wird Relacorilant auch zur 
Behandlung von verschiedenen Tumorarten, einschließlich 
Eierstockkrebs und Prostatakrebs, sowie zur Behandlung von 
Alkoholismus untersucht.

Potenzielle Anwendungen:
Relacorilant könnte auch eine Rolle bei der Überwindung von 
Chemoresistenz in bestimmten Krebsarten spielen, da es die 
Aktivierung des Glukokortikoidrezeptors blockiert, ein wichtiger 
Weg bei der Entstehung von Chemoresistenz.

















Die Neurofibromatose Typ 1 ist die häufigste Form 
der Neurofibromatose (90 % der Fälle). Der 
krankheitsverursachende Gendefekt betrifft bei der 
Neurofibromatose Typ 1 das NF1-Gen auf dem 
langen Arm von Chromosom 17 (Genlokus 17q11.2). 
Das Gen kodiert für das Protein Neurofibromin, das 
im gesunden Zustand als negativer Regulator 
von Ras fungiert. Meist handelt es sich 
um Punktmutationen. Durch die mutationsbedingte 
Funktionsstörung kommt es zur andauernden 
Aktivierung des Ras. Dies wirkt förderlich auf die 
Entstehung von Neoplasien und wird als Ursache der 
Neurofibromatose Typ 1 angesehen.
Die Neumutationsrate für das NF1-Gen ist hoch. 
Etwa die Hälfte der neu auftretenden Fälle sind auf 
eine Neumutation zurückzuführen. Die andere Hälfte 
wird autosomal-dominant vererbt und weist dabei 
eine vollständige Penetranz auf.



Plexiforme Neurofibrome können bösartig werden und 
scheinen bei Personen mit NF1 die häufigsten Vorläufer für 
maligne periphere Nervenhüllentumoren zu sein. Schwannome 
sind aus Schwann-Zellen abgeleitet, unterziehen sich selten 
einer malignen Transformation und können überall im Körper in 
peripheren Nerven auftreten.



Selumetinib ist ein MEK-Inhibitor aus der Klasse der Serin/Threonin-Kinase-Hemmer. 
Der Arzneistoff wurde für die Therapie der Neurofibromatose Typ 1 (NF1) entwickelt. 
Selumetinib hemmt die MAP-Kinasen MEK1 und MEK2, die ein wichtiger Teil 
des Ras/Raf/MAPK-Signalwegs sind. Eine Mutation des Protoonkogens BRAF kann zu einer 
Entgleisung dieses Signalwegs und so zu einer überaktiven nachgeschalteten 
Signalübertragung durch MAP-Kinasen führen. Sie phosphorylieren die Proteinkinase ERK, 
wodurch verschiedene Transkriptionsfaktoren aktiviert werden, was 
die Proliferation von Tumorzellen angeregt.
Durch die selektive Bindung des Wirkstoffs an MEK1 und MEK2 wird diese Kaskade 
unterbrochen und das unkontrollierte Zellwachstum gehemmt.

















The President's Malaria Initiative (PMI) is a U.S. Government 
initiative to control and eliminate malaria, one of the leading 
global causes of premature death and disability. The initiative 
was originally launched by U.S. president George W. Bush in 
2005, and has been continued by each successive U.S. 
president. 
PMI was originally created with a mission to "reduce malaria-
related mortality by 50 percent across 15 high-burden 
countries in sub-Saharan Africa". PMI has since expanded to 24 
malaria-endemic countries in sub-Saharan Africa and 3 
additional countries in the Greater Mekong Subregion of 
Southeast Asia, where it seeks to further reduce malaria 
burden and assist countries in achieving malaria elimination.
PMI works closely with national malaria programs and global 
partners including the World Health Organization, Roll Back 
Malaria, and Global Fund. Global malaria efforts, including 
those of PMI, have cut malaria mortality by over 60%, saved 
nearly 7 million lives, and prevented more than 1 billion 
malaria cases between 2000 and 2015. PMI currently supports 
malaria prevention and control for over 500 million at-risk 
people in Africa.













Imaging, laboratory, documentation, decisions

What happens after the patient encounter?















Harnessing a patient’s own immune cells to combat 
diseases while leaving healthy cells unharmed, called 
adoptive immunotherapy, is considered a powerful 
treatment option. Indeed, a type of immunotherapy 
in which T cells are engineered to express a protein—
a chimeric antigen receptor (CAR)—that redirects 
them to disease-causing cells within the body has 
been explored for more than two decades. However, 
because CAR T cells are generated outside the body, 
these therapies require a substantial infrastructure 
and thus are expensive. Hunter et al. report the 
engineering of CAR T cells inside the body (in animal 
models) using nanoparticles that effectively deplete 
targeted B cells. The achievement has implications for 
treating B cell malignancies and autoimmune 
diseases, advancing the quest to generate immune 
effectors in vivo, and moving immunotherapy with 
CAR T cells to wider clinical use.



To remove the need for ex vivo CAR T cell production and chemotherapy, Hunter et al. developed a method to generate 
CAR T cells in vivo using targeted lipid nanoparticles (tLNPs) that can carry a desired mRNA cargo  (see the figure). The 
approach minimizes the risk of damaging DNA  in T cells because mRNA does not integrate into the genome as would a 
DNA cargo. One challenge of in vivo mRNA (or DNA) delivery with lipid nanoparticles is their unspecific uptake by the 
reticuloendothelial system of the liver, which removes foreign substances from the blood. To overcome this hurdle, the 
authors formulated an ionizable lipid (L829) and incorporated it into lipid nanoparticles that target CD5, which is 
expressed on T cells. The CD5-L829-tLNPs were injected into animal models—mouse, rat, and cynomolgus monkey—to 
evaluate their distribution. Compared with a standard nontargeting ionizable lipid nanoparticle, CD5-L829-tLNP 
exhibited favorable biodistribution in that their uptake by the liver was limited.



(F) Percent of circulating B cells of human CD45+ cells in NCG-CD34+ humanized 
mice after three doses every 3 days of indicated tLNP. Statistical analysis by 
one-way (C) or two-way [(D) and (F)] ANOVA with post hoc multiple 
comparisons. (∗∗∗P ≤ 0.001, ∗∗∗∗P ≤ 0.0001; ns = not significant, P > 0.05). 
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