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A 21-year-old woman who had presented to the 
pulmonary clinic with a 7-day history of sore 
throat and cough was noted to have a vertebral 
abnormality on chest radiograph. She reported 
no history of back pain. Computed tomography of 
the chest is shown. What is the most likely 
underlying etiology?

Congenital anomaly

Decreased bone mineralization

Increased bone turnover

Malignancy

Prior trauma

A diagnosis of a butterfly vertebra was made. A butterfly 
vertebra is a rare congenital anomaly that results from a lack of 
fusion of the two lateral ossification centers during embryonic 
development. It is usually asymptomatic and discovered 
incidentally on imaging. A butterfly vertebra may occur in 
isolation or be associated with other congenital anomalies. 
Reassurance regarding the benign nature of the vertebral 
finding was provided.



Volume-depleted infants
(Diarrheal illnesses)

Sick Not Sick



International recommendations advise against the use of 
intravenous rehydration therapy in children with severe 
acute malnutrition because of the concern about fluid 
overload, but evidence to support this concern is lacking. 
Given the high mortality associated with the current 
recommendations, the adoption of intravenous 
rehydration strategies might improve outcomes.
We conducted a factorial, open-label superiority trial in 
four countries in Africa. Children 6 months to 12 years of 
age with severe acute malnutrition with gastroenteritis and 
dehydration underwent randomization in a 2:1:1 ratio to 
one of three rehydration strategies: oral rehydration, plus 
intravenous boluses for shock; a rapid intravenous strategy 
that consisted of lactated Ringer’s solution (100 ml per 
kilogram of body weight) administered over a period of 3 
to 6 hours, with boluses for shock; or a slow intravenous 
strategy that consisted of the same solution administered 
over a period of 8 hours, with no boluses. The primary end 
point was death at 96 hours.



In 2016, the World Health Organization (WHO), United Nations Children’s Fund, and World Bank 
Group Interagency estimated that 17 million children younger than 5 years of age were severely 
undernourished. Severe acute malnutrition, the most extreme form of undernourishment, is a 
leading cause of hospital admissions among children in Africa. Many children with severe 
malnutrition have additional complications such as severe dehydration due to diarrhea, which is 
associated with high in-hospital mortality (27 to 41%). Current recommendations for rehydration 
in children with severe acute malnutrition differ from those for children without malnutrition. 
Intravenous rehydration is not recommended in severe acute malnutrition because malnourished 
children are at high risk for compromised cardiac function and sodium overload. Low-sodium oral 
rehydration solutions are not recommended for similar reasons. Although such guidance 
documents have been in place for more than two decades, no previous or subsequent evidence 
has supported these recommendations. Therefore, oral rehydration is the recommended option, 
with intravenous boluses provided only in the event of shock. This approach often necessitates 
the use of a nasogastric tube to administer oral rehydration, since most children with severe acute 
malnutrition are unable to take or retain oral fluids. In addition, most children receive care in busy, 
overcrowded pediatric units or in dedicated nutrition units with limited nursing staff available to 
ensure safe implementation of oral nasogastric rehydration and to monitor for signs of shock. 
Shock is a complication in approximately 25% of children with severe dehydration, and in-hospital 
mortality among children with shock is high (>40%).



Methods
Trial Design and Oversight
We conducted an investigator-initiated, multicenter, factorial, open-label, randomized superiority trial at 
six hospitals: two in Uganda, two in Kenya, one in Niger, and one in Nigeria. 
Trial Population
Children were eligible if they were 6 months to 12 years of age and were hospitalized with severe 
acute malnutrition (defined by a weight-for-height z score ≤3, mid-upper-arm circumference 
<11.5 cm, or presentation with edematous malnutrition [kwashiorkor] with edema in both feet 
or more generalized edema) with gastroenteritis (with more than three loose stools per day) and 
signs of severe dehydration. Signs of severe dehydration, according to WHO criteria, included 
two or more of the following: altered level of consciousness, sunken eyes, reduced skin turgor 
(slow abdominal skin pinch return [>2 seconds]), or inability to take or retain oral fluids.
End Points
The primary end point was death at 96 hours. Secondary efficacy end points were death at 28 
days, the change in weight at 3 days and 7 days, the change in mid-upper-arm circumference at 3 
days and 7 days, and urine output at 8 hours. Safety end points were evidence of pulmonary 
edema or heart failure, the change in the sodium level from 8 hours to 24 hours, and correction 
of electrolyte abnormalities (severe hyponatremia [sodium level <125 mmol per liter] or severe 
hypokalemia [potassium level <2.5 mmol per liter]).
 



Clinical Management and Characteristics 
during the First 24 Hours after Admission.



End Points.







Imaging and irradiation risks involve a slightly increased 
lifetime cancer risk, especially for cumulative low doses 
or younger patients, with the severity linked to dose 
and patient age. Other less common tissue effects, like 
skin redness, may occur with high doses during 
interventional procedures. Most imaging methods 
using ionizing radiation (like X-rays and CT scans) 
involve very low doses, and the risks are generally 
considered very small and outweighed by the benefits 
of diagnosis. Imaging methods that do not use ionizing 
radiation, such as ultrasound and MRI, carry no 
radiation risk.

Imaging, irradiation, and cancer risk

Millisievert (mSv) ist ein Tausendstel der Einheit Sievert (Sv), die die biologische Wirkung 
ionisierender Strahlung auf den Menschen misst. Millisievert ist die gängige Einheit im 
Strahlenschutz, um Dosen und Risiken durch Strahlung im Alltag und bei medizinischen 
Anwendungen anzugeben, da ein Sievert bereits ein sehr hoher und potenziell tödlicher Wert 
ist.



Abstract
Background
Assessing the risk of radiation-induced hematologic cancer from medical imaging in 
children and adolescents might support informed decisions on the use of imaging.
Methods
We followed a retrospective cohort of 3,724,623 children born between 1996 and 
2016 in six U.S. health care systems and Ontario, Canada, until the earliest of 
cancer or benign-tumor diagnosis, death, end of health care coverage, an age of 21 
years, or December 31, 2017. Radiation doses to active bone marrow from medical 
imaging were quantified. Associations between hematologic cancers and 
cumulative radiation exposure (vs. no exposure), with a lag of 6 months, were 
estimated with the use of continuous-time hazards models.
Conclusions
Our study suggests an association between exposure to radiation from medical 
imaging and a small but significantly increased risk of hematologic cancer among 
children and adolescents. (Funded by the National Cancer Institute and others.)



Calculation of Radiation Dose
Medical-imaging examinations were identified from administrative databases with the use of 
codes from Current Procedural Terminology; the International Classification of Diseases, 9th 
Revision (ICD-9-CM and ICD-9-PCS) and 10th Revision (ICD-10-CM and ICD-10-PCS); the Healthcare 
Common Procedure Coding System; and the Canadian Classification of Health Interventions. Codes 
were mapped to an imaging technique and anatomical area. Absorbed doses to the active bone 
marrow were estimated for each imaging examination with the use of patient characteristics 
(including sex, height, and weight) extracted from electronic health records, anatomical area 
imaged, and technical settings used for the imaging. Methods varied according to imaging 
technique.
Cancer Assessment
U.S. cancer diagnoses were identified from the cancer registry of each health care system 
and by linkage with population-based registries participating in the North American 
Association of Central Cancer Registries. Ontario diagnoses were identified from the 
Ontario Cancer Registry and the Pediatric Oncology Group of Ontario Networked 
Information System. 



Excess Relative Risk per 100-mGy Increase in 
Exposure and Relative Risks of Hematologic 
Cancer According to Radiation Dose to Bone 
Marrow.

Milligray (mGy) ist eine Einheit für die Strahlendosis, die angibt, wie viel Energie von 
ionisierender Strahlung pro Kilogramm Körpergewebe absorbiert wird. Es ist ein Tausendstel 
eines Grays (Gy), was die SI-Einheit für die Energiedosis ist. Da die Einheit Gray sehr groß ist, 
werden Messungen oft in Milligray, zum Beispiel bei der Exposition durch Röntgengeräte, 
angegeben.









Discussion
In this retrospective cohort study involving more than 3.7 million children born in the United States 
or Ontario, Canada, we found a significant dose–response relation between cumulative radiation 
dose to bone marrow and hematologic cancer risk. Exposures that were associated with increased 
risk are common in clinical practice. For example, a 15-to-30-mGy exposure equivalent to one to 
two CT scans of the head was associated with an increased risk by a factor of 1.8, rising to a factor 
of 3.6 for exposures of 50 to less than 100 mGy (Table S3 in Supplementary Appendix 2). The excess 
cumulative incidence of hematologic cancers by 21 years of age was 25.6 per 10,000 among 
children exposed to at least 30 mGy and 40.8 per 10,000 among those exposed to 50 to 100 mGy. 
Excess risks were consistent across most subtypes of hematologic cancer and were robust to 
sensitivity analyses.
This study provides robust, directly observed evidence that ionizing radiation from medical 
imaging was associated with an increased risk of hematologic cancer among children, even 
at doses of less than 50 mGy. These findings underscore the need to carefully weigh 
benefits and risks when using imaging in children and the need to minimize radiation 
exposure whenever clinically feasible.

https://www.nejm.org/doi/full/10.1056/NEJMoa2502098


APOC3 (Apolipoprotein C3) ist ein Protein, das eine wichtige Rolle im Fettstoffwechsel spielt, indem es die Funktion von 
Lipoproteinlipasen hemmt und so den Abbau von Triglyceriden verzögert. Es ist ein Bestandteil von VLDL (Very Low Density 
Lipoprotein) und Chylomikronen und wird in Leber und Dünndarm produziert. Mutationen im APOC3-Gen können zu 
Hypertriglyceridämie führen, während eine Hemmung von APOC3, beispielsweise durch Medikamente wie Volanesorsen, 
den Triglyceridspiegel senken und das Risiko für koronare Herzkrankheiten reduzieren kann.

https://www.google.com/search?sca_esv=c0c5f8a9bbcfecc7&biw=1344&bih=1206&sxsrf=AE3TifPmPIP4_amik7_GZhwTlLxrp85ddQ%3A1759476593663&q=VLDL&sa=X&ved=2ahUKEwjZleyKwYeQAxWvcvEDHWlsFtUQxccNegQIBxAB&mstk=AUtExfBkxkz9CPwlAh6imYlI_YH7jkS4w5MhFg0sUAahC8iPPK5D93SSLEFFjRFYBi2dzL_1bajPJI-Kk6riIOSjEbRcUSSIunMlnixR1LXBP93BwnV8rAvH5wp6LMpuEVZdsxoirQAnDpr2c-cpV5J7kwwZZwuMaJ2gCED-eI5_dLS2IKpm6YMBZ0re62tJLXORQZlHRQtfVmHxaT7_v_1zCy1jOiTwy4phG_X2Kf2S-MkETlJlpJZBASELN-aYV_9tdQ2zi70joWqgMINK8ZxHCf7avmdOEj0Ptt5FSCIal2e-q2nkSvn2Ba2KBJZdp8Kz6gGkf_YhoL7Og-usjznoF-OZebPPefxnQ0FTdapM_xNRQNpO0R8tDUSR99awTYK19A&csui=3
https://www.google.com/search?sca_esv=c0c5f8a9bbcfecc7&biw=1344&bih=1206&sxsrf=AE3TifPmPIP4_amik7_GZhwTlLxrp85ddQ%3A1759476593663&q=APOC3-Gen&sa=X&ved=2ahUKEwjZleyKwYeQAxWvcvEDHWlsFtUQxccNegQIERAB&mstk=AUtExfBkxkz9CPwlAh6imYlI_YH7jkS4w5MhFg0sUAahC8iPPK5D93SSLEFFjRFYBi2dzL_1bajPJI-Kk6riIOSjEbRcUSSIunMlnixR1LXBP93BwnV8rAvH5wp6LMpuEVZdsxoirQAnDpr2c-cpV5J7kwwZZwuMaJ2gCED-eI5_dLS2IKpm6YMBZ0re62tJLXORQZlHRQtfVmHxaT7_v_1zCy1jOiTwy4phG_X2Kf2S-MkETlJlpJZBASELN-aYV_9tdQ2zi70joWqgMINK8ZxHCf7avmdOEj0Ptt5FSCIal2e-q2nkSvn2Ba2KBJZdp8Kz6gGkf_YhoL7Og-usjznoF-OZebPPefxnQ0FTdapM_xNRQNpO0R8tDUSR99awTYK19A&csui=3
https://www.google.com/search?sca_esv=c0c5f8a9bbcfecc7&biw=1344&bih=1206&sxsrf=AE3TifPmPIP4_amik7_GZhwTlLxrp85ddQ%3A1759476593663&q=APOC3-Gen&sa=X&ved=2ahUKEwjZleyKwYeQAxWvcvEDHWlsFtUQxccNegQIERAB&mstk=AUtExfBkxkz9CPwlAh6imYlI_YH7jkS4w5MhFg0sUAahC8iPPK5D93SSLEFFjRFYBi2dzL_1bajPJI-Kk6riIOSjEbRcUSSIunMlnixR1LXBP93BwnV8rAvH5wp6LMpuEVZdsxoirQAnDpr2c-cpV5J7kwwZZwuMaJ2gCED-eI5_dLS2IKpm6YMBZ0re62tJLXORQZlHRQtfVmHxaT7_v_1zCy1jOiTwy4phG_X2Kf2S-MkETlJlpJZBASELN-aYV_9tdQ2zi70joWqgMINK8ZxHCf7avmdOEj0Ptt5FSCIal2e-q2nkSvn2Ba2KBJZdp8Kz6gGkf_YhoL7Og-usjznoF-OZebPPefxnQ0FTdapM_xNRQNpO0R8tDUSR99awTYK19A&csui=3
https://www.google.com/search?sca_esv=c0c5f8a9bbcfecc7&biw=1344&bih=1206&sxsrf=AE3TifPmPIP4_amik7_GZhwTlLxrp85ddQ%3A1759476593663&q=APOC3-Gen&sa=X&ved=2ahUKEwjZleyKwYeQAxWvcvEDHWlsFtUQxccNegQIERAB&mstk=AUtExfBkxkz9CPwlAh6imYlI_YH7jkS4w5MhFg0sUAahC8iPPK5D93SSLEFFjRFYBi2dzL_1bajPJI-Kk6riIOSjEbRcUSSIunMlnixR1LXBP93BwnV8rAvH5wp6LMpuEVZdsxoirQAnDpr2c-cpV5J7kwwZZwuMaJ2gCED-eI5_dLS2IKpm6YMBZ0re62tJLXORQZlHRQtfVmHxaT7_v_1zCy1jOiTwy4phG_X2Kf2S-MkETlJlpJZBASELN-aYV_9tdQ2zi70joWqgMINK8ZxHCf7avmdOEj0Ptt5FSCIal2e-q2nkSvn2Ba2KBJZdp8Kz6gGkf_YhoL7Og-usjznoF-OZebPPefxnQ0FTdapM_xNRQNpO0R8tDUSR99awTYK19A&csui=3


Highly effective therapies to reduce triglyceride levels are 
lacking. Olezarsen is an N-acetylgalactosamine–conjugated 
antisense oligonucleotide that targets the messenger RNA of 
apolipoprotein C-III, which inhibits triglyceride clearance.
In this phase 3, international, double-blind, randomized, 
placebo-controlled trial, we enrolled patients with moderate 
hypertriglyceridemia (triglyceride level, 150 to 499 mg per 
deciliter) and elevated cardiovascular risk or with severe 
hypertriglyceridemia (triglyceride level, ≥500 mg per deciliter) 
and randomly assigned them in a 1:3 ratio to a 50-mg or 80-mg 
cohort. The patients were then randomly assigned in a 3:1 ratio 
to receive monthly subcutaneous olezarsen or matching 
placebo within each cohort. The primary outcome was the 
least-squares mean percent change in triglyceride level from 
baseline to 6 months among the patients with moderate 
hypertriglyceridemia, reported as the difference between each 
olezarsen dose group and the placebo group (the placebo-
adjusted change).



Hypertriglyceridemia is common and is associated with an increased risk of 
atherosclerosis, yet highly effective therapies for reducing triglyceride levels 
are lacking. Apolipoprotein C-III is a central regulator of triglyceride 
metabolism that limits the clearance of triglyceride-rich lipoproteins through 
inhibition of lipoprotein lipase and hepatic uptake of triglyceride-rich 
lipoprotein remnants. Olezarsen is an N-acetylgalactosamine–conjugated 
antisense oligonucleotide that targets APOC3 messenger RNA.
Olezarsen has been shown to decrease triglyceride levels in small phase 2 
trials and to reduce triglyceride levels and the risk of acute pancreatitis among 
patients with familial chylomicronemia syndrome. The Essence–TIMI 
(Thrombolysis in Myocardial Infarction) 73b trial was designed to evaluate the 
efficacy and safety of olezarsen in patients with moderate 
hypertriglyceridemia who are at high cardiovascular risk and in those with 
severe hypertriglyceridemia.



Methods
Trial Design and Oversight
In this phase 3, double-blind, randomized, placebo-controlled trial, we assessed olezarsen at a 
dose of 50 mg or 80 mg for lowering triglyceride levels. 
Trial Population
Patients were eligible for the trial if they were at least 18 years of age and had either 
moderate hypertriglyceridemia (triglyceride level, 150 to 499 mg per deciliter [1.7 to 
5.6 mmol per liter]) in addition to an elevated risk of cardiovascular events or severe 
hypertriglyceridemia (triglyceride level, ≥500 mg per deciliter [≥5.6 mmol per liter]). 
The minimum triglyceride level for eligibility was originally 150 mg per deciliter but was 
increased to 200 mg per deciliter (2.3 mmol per liter) with a protocol amendment that 
was made on June 27, 2023, on the basis of regulatory feedback that suggested the 
trial should be enriched for a population at increased cardiovascular risk.
Outcomes
The primary outcome was the least-squares mean percent change in triglyceride level 
from baseline to 6 months among the patients with moderate hypertriglyceridemia, 
reported as the difference between each olezarsen dose group and the placebo group 
(the placebo-adjusted change).





Lipid Levels at Baseline and at 6 Months (Primary Efficacy Population).



Key Safety and Laboratory Measures (Safety Population).









Passive immunity for Respiratory Syncytial Virus 
(RSV) involves providing a baby with pre-made 
antibodies for immediate protection, either by 
administering RSV-specific monoclonal antibodies 
directly to the infant or by the mother receiving 
an RSV vaccine during pregnancy, which triggers 
the transfer of her antibodies to the fetus. This 
approach offers short-term protection against 
severe RSV disease, particularly during the first 
RSV season when infants are most vulnerable.



Clesrovimab is a long-acting investigational 
monoclonal antibody against site IV of the 
respiratory syncytial virus (RSV) fusion protein. Data 
regarding the safety and efficacy of clesrovimab in 
healthy infants are needed.
We randomly assigned healthy preterm and full-
term infants entering their first RSV season in a 2:1 
ratio to receive one intramuscular 105-mg dose of 
clesrovimab or placebo. The primary efficacy end 
point was RSV-associated medically attended lower 
respiratory infection (including at least one 
indicator of lower respiratory infection or disease 
severity) through 150 days after injection. A key 
secondary efficacy end point was RSV-associated 
hospitalization during the same period.



Among infants younger than 1 year of age, respiratory syncytial virus (RSV) causes an 
estimated 12.9 million lower respiratory infections and approximately 2.2 million 
hospitalizations per year worldwide. RSV is a leading cause of infant hospitalization in 
high-income countries and is a frequent cause of infant deaths in low- and middle-
income countries. Preterm infants and those with underlying medical conditions are 
predisposed to severe RSV infection, but the majority of RSV hospitalizations occur in 
full-term healthy infants. The burden of severe RSV infection is highest during the first 6 
months after birth, when prevention is needed. Recently, two RSV preventive therapies 
— the monoclonal antibody nirsevimab (Beyfortus, Sanofi) and the maternal bivalent 
prefusion F vaccine (ABRYSVO, Pfizer) — have been licensed for use in infants.
Clesrovimab is a human RSV monoclonal antibody with three amino acid substitutions 
(M252Y, S254T, and T256E, collectively referred to as YTE) in the Fc portion. Clesrovimab 
binds site IV of the RSV fusion (F) protein, which differs from the RSV antibodies 
palivizumab (site II) and nirsevimab (site Ø). 



Methods
Trial Design and Participants
We conducted this double-blind, randomized, placebo-controlled trial in 22 countries. 
Key exclusion criteria were a recommendation that the infant receive 
palivizumab, a recent history of febrile illness, and any previous preventive RSV 
treatment. Palivizumab is licensed in many countries for infants at increased risk 
for severe RSV disease, including those born at a gestational age of less than 35 
weeks and those with coexisting conditions such as chronic lung disease of 
prematurity and hemodynamically significant congenital heart disease. 
End Points and Adverse Events
The primary efficacy end point was RSV-associated medically attended (inpatient 
or outpatient) lower respiratory infection that included at least one indicator of 
lower respiratory infection or one indicator of disease severity from days 1 to 150 
after injection. The case definition that was used for the primary end point 
required confirmation of RSV infection on reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assay from a sample obtained within 7 days before or 12 
days after symptom onset or worsening of symptoms.
 



Adverse Events (Safety Population).









Home-based hypertension care involves a 
comprehensive approach, including taking 
prescribed medications, self-monitoring blood 
pressure, adhering to a low-sodium diet rich in 
fruits and vegetables, getting regular physical 
activity, maintaining a healthy weight, limiting 
alcohol, quitting smoking, and managing stress 
through techniques like meditation or yoga. A 
healthcare professional can help set up a 
personalized home-based care plan, according 
to the Centers for Disease Control and 
Prevention.



Poorly controlled hypertension is a common problem 
worldwide, particularly in low-resource settings.
We conducted an open-label, randomized, controlled trial of 
a home-based model of hypertension care in South Africa. 
Adults with hypertension were assigned to receive home-
based care, which consisted of patient monitoring of blood 
pressure, home visits from a community health worker 
(CHW) for data collection and medication delivery, and 
remote nurse-led decision making supported by a mobile 
application (CHW group); enhanced home-based care, which 
consisted of the same intervention but with blood-pressure 
machines transmitting readings automatically (enhanced 
CHW group); or standard care with clinic-based management 
(standard-care group). The primary outcome was the systolic 
blood pressure at 6 months. Secondary outcomes were the 
systolic blood pressure at 12 months and hypertension 
control at 6 and 12 months. Safety outcomes included 
adverse events, deaths, and retention in care.



Elevated blood pressure is the leading risk factor for preventable death, resulting in 
approximately 10 million deaths each year. Although numerous low-cost, effective therapies 
are available, poorly controlled hypertension is a common problem, particularly in 
populations with structural barriers to health care. In the public sector of South Africa, 
patients’ limited involvement in their care, overcrowded clinics, inconsistent availability of 
sphygmomanometers, and the costs of transportation to a clinic and missed work are 
commonly cited contributors to suboptimal outcomes. Home-based blood-pressure 
management with remote monitoring has been proposed to address these barriers, but data 
on the efficacy of such programs are scarce.

Outcomes and Assessments
The primary outcome was the systolic blood pressure at 6 months. Secondary outcomes were 
the systolic blood pressure at 12 months and hypertension control at 6 and 12 months. 
Hypertension control was defined by a systolic blood pressure of less than 140 mm Hg and a 
diastolic blood pressure of less than 90 mm Hg. Safety outcomes included adverse events, 
hospitalizations, deaths, and retention in care, which was defined as an interaction with a 
health care worker (nurse, physician, or CHW) for hypertension care within the past 3 months.



Trial Design and Oversight
We conducted a parallel-group, open-label, randomized, controlled trial. The trial was designed and 
implemented as a superiority trial in which two intervention groups were individually compared with a 
control group. 
Trial Procedures
Participants were randomly assigned to receive home-based care from a CHW (CHW group), 
enhanced home-based care from a CHW (enhanced CHW group), or standard care with clinic-
based management (standard-care group). Participants in all three groups were seen by a 
nurse on the day of enrollment for determination of initial antihypertensive therapy. Before the 
trial began, nurses involved in the program had received training on best practices for 
hypertension care. The three principal antihypertensive therapies that were available in the 
public sector in South Africa and used in this trial were hydrochlorothiazide, lisinopril, and 
amlodipine. All the therapies were provided to the participants free of charge.
In the standard-care group, participants were asked to return to the clinic approximately 
monthly for measurement of blood pressure, adjustment of antihypertensive therapy in 
accordance with the national guidelines, and collection of medication from the clinic pharmacy.
In the CHW group, participants received an automated blood-pressure machine (Omron M3), 
were trained on its use by CHWs, and were advised to take blood-pressure measurements 
daily. 



Demographic and Clinical Characteristics of the 
Participants at Enrollment. Efficacy and Safety Outcomes.









Serum protein electrophoresis (SPEP) is a lab 
test that separates proteins in a blood sample 
based on their charge and size using an 
electric current, helping to diagnose and 
monitor diseases by identifying abnormal 
protein patterns. The test divides proteins 
into five major fractions—albumin, alpha-1, 
alpha-2, beta, and gamma globulins—and is 
particularly useful for detecting monoclonal 
gammopathies, such as in multiple myeloma.



Monoclonal gammopathy of undetermined significance (MGUS) is a common premalignant 
plasma-cell proliferative disorder that is present in approximately 5% of the general population 
over the age of 50 years. This disorder is important not only because it is the precursor to plasma-
cell cancers, including multiple myeloma, solitary plasmacytoma, and Waldenström’s 
macroglobulinemia, but also because it is causally related to numerous serious nonmalignant 
disorders, collectively referred to as monoclonal gammopathy of clinical significance (MGCS). 
MGUS is characterized by a limited yet monoclonal proliferation of plasma cells secreting 
abnormal levels of immunoglobulins (antibodies) that are identical to each other, with the same 
amino acid sequence, referred to as monoclonal (M) proteins. These secreted M proteins are best 
appreciated as fully functioning human antibodies present in high concentrations that fortunately 
lack affinity to self-antigens (autoantibody characteristics) in most persons. As a result, MGUS 
remains asymptomatic in the absence of malignant transformation in most people. However, 
there is potential for serious harm if the M protein has or develops affinity for one or more 
organs in the body, resulting in MGCS.





Classification of Monoclonal Gammopathy of Undetermined Significance (MGUS), 
Diagnostic Criteria, and Major Disorders Associated with Disease Progression.





Clinical Presentation
MGUS is asymptomatic in the absence of progression to cancer or an association with 
one of the MGCS disorders. The diagnosis of MGUS is usually made incidentally when 
tests to detect M proteins are ordered as part of a broad workup in patients with 
fatigue, an elevated erythrocyte sedimentation rate, anemia, bone pain, osteoporosis, 
or infections. MGUS is also diagnosed when multiple myeloma is considered in the 
differential diagnosis for patients presenting with osteolytic lesions, bone fractures, 
hypercalcemia, proteinuria, renal insufficiency, lymphadenopathy, or 
hepatosplenomegaly. Testing for M proteins should be performed only if there is 
clinical concern about a plasma-cell cancer or a suspicion that a monoclonal plasma-
cell disorder or M protein is the cause of a given clinical problem (i.e., suspected 
MGCS) or in specific circumstances, such as organ donation. Although MGUS is 
asymptomatic, some persons have suppression of uninvolved normal immunoglobulins 
and a slightly blunted response to vaccines.



Laboratory Testing
With serum protein electrophoresis, M proteins are detected as an abnormal narrow peak 
(like a church spire) on the densitometer tracing. For a diagnosis of MGUS, the serum M 
protein concentration must be less than 3 g per deciliter. The type of M protein can be 
ascertained with serum immunofixation on the basis of localization of the discrete heavy- and 
light-chain bands. Mass spectrometry is an alternative to immunofixation and is a more 
efficient, sensitive, and specific method for detecting M proteins. If an M protein is detected, 
24-hour urine electrophoresis is recommended to quantitate M proteins in the urine as a 
baseline and to detect albuminuria, which can occur with renal injury from MGCS. In 
approximately 20% of patients with MGUS, there is no expression of the normal 
immunoglobulin heavy chain, and the clonal cell secretes only free monoclonal light chains 
(light-chain MGUS). This subtype of MGUS is best identified with the serum free light-chain 
(FLC) assay, which measures free kappa and lambda light chains that are not bound to intact 
immunoglobulin. The assay should therefore be performed, along with serum electrophoresis 
and immunofixation, for all patients in whom a clonal plasma-cell disorder is suspected. 
Clonality on the serum FLC assay is established by the presence of an abnormal ratio of the 
two light-chain concentrations.





Bone marrow aspiration and biopsy, if performed, must show less than 10% clonal bone 
marrow plasma cells. Plasma cells can be easily identified on the basis of morphologic 
features and positive immunohistochemical staining for CD138. In IgM MGUS, the clonal 
cells may have lymphoid or mixed lymphoplasmacytic morphologic features. Clonality is 
established with flow cytometry or immunohistochemistry. Baseline testing of bone 
marrow samples for cytogenetic abnormalities with the use of fluorescence in situ 
hybridization or sequencing is recommended, if available, to establish the biologic subtype 
of MGUS. MGUS is differentiated from multiple myeloma and smoldering multiple 
myeloma on the basis of the M protein concentration, bone marrow plasma-cell 
percentage, and presence or absence of related cancer, especially myeloma-defining 
events such as hypercalcemia, renal insufficiency, anemia, or lytic bone lesions. The 
presence of end-organ damage does not automatically indicate that MGUS has progressed 
to cancer or MGCS, since there may be other causes for these findings. End-organ damage 
must be carefully investigated to determine whether the injury is attributable to a clonal 
plasma-cell disorder or another, unrelated problem. If indicated, whole-body, low-dose 
computed tomography (CT) or positron-emission tomography–CT or whole-body magnetic 
resonance imaging should be performed to rule out multiple myeloma and Waldenström’s 
macroglobulinemia.



Cancers Resulting from Progression of MGUS
MGUS is the premalignant precursor of myeloma, Waldenström’s macroglobulinemia, and 
solitary plasmacytoma. In almost all patients with multiple myeloma, MGUS has been 
present for many years before the cancer is diagnosed. The overall risk of progression of 
MGUS to multiple myeloma or a related cancer is approximately 1% per year, on the 
basis of a population-based study involving 1384 persons. In the subgroup of patients 
with light-chain MGUS, the risk of progression appears to be lower, at 0.3% per year. 
Nonmalignant Disorders Causally Related to MGUS
More than 100 nonmalignant diseases have been reported to be associated with MGUS, 
but most such associations are coincidental rather than causal. However, several well-
defined nonmalignant diseases are known to be causally related to MGUS, and MGCS is 
the umbrella term for these disorders. 
Monoclonal Gammopathy of Renal Significance
The kidney is particularly vulnerable in clonal plasma-cell disorders; the classic 
presentation is acute renal failure due to light-chain cast nephropathy in multiple 
myeloma. But even without malignant progression to multiple myeloma, many specific 
renal disorders can occur as a result of M proteins secreted by a premalignant MGUS 
clone.





Management of MGCS
The treatment of any of the MGCS disorders requires precise diagnosis of the nature and extent of the 
injury. In general, once the diagnosis is established, plasma-cell or B-cell clone–directed therapy to 
reduce or eradicate the M protein should be considered. For well-established systemic disorders such 
as AL amyloidosis, POEMS syndrome, cryoglobulinemia, and monoclonal immunoglobulin deposition 
disease, there are clear algorithms for therapy, and a detailed discussion of these disorders is beyond 
the scope of this review. Patients with MGRS due to proliferative glomerulonephritis with 
immunoglobulin deposits or C3 glomerulonephritis can benefit from treatments used for multiple 
myeloma, such as daratumumab or the bortezomib, cyclophosphamide, and dexamethasone regimen, 
in order to preserve renal function and prevent end-stage renal disease. However, clone-directed 
therapy in patients with MGUS-associated peripheral neuropathy has had disappointing results and 
requires more study. For patients with IgM monoclonal gammopathy–associated neuropathy, a trial of 
intravenous immune globulin, rituximab, or both is reasonable. For non-IgM monoclonal 
gammopathy–associated neuropathy with a presentation similar to that of chronic inflammatory 
demyelinating polyneuropathy, treatment usually comprises plasmapheresis, intravenous immune 
globulin, and glucocorticoids rather than clone-directed therapy.





Management of MGUS
The approach to management of MGUS is shown. A baseline evaluation is performed to rule out 
malignant progression, including a complete blood count and serum calcium and creatinine 
levels. The CT bone survey and bone marrow biopsy can be omitted in persons with a clinical 
picture that is otherwise consistent with MGUS, since such persons are considered to be at low 
risk.
No therapy is needed for MGUS. A complete blood count, serum calcium and creatinine 
measurements, and serum monoclonal protein and FLC studies should be repeated 6 months 
after the diagnosis has been established. Further follow-up is based on baseline risk status, as 
shown. The goal of follow-up is to improve outcomes by identifying progression of MGUS to 
cancer or MGCS before serious end-organ damage occurs. Clinical trials involving selected high-
risk persons with MGUS and patients with MGCS are ongoing.
Screening for MGUS in the general population is not recommended. The Iceland 
Screens, Treats, or Prevents Multiple Myeloma (iSTOPMM) randomized trial is testing 
the effect of screening for MGUS on malignant and nonmalignant progression, but 
overall survival results are not expected for several years.





A 44-year-old woman was evaluated in the rheumatology clinic of this hospital because of proximal 
muscle weakness and myalgia.
The patient had been in her usual state of health until 5 years before the current presentation, 
when morning stiffness and pain developed in the small joints of both hands. Laboratory 
evaluation reportedly revealed elevated blood levels of anti–cyclic citrullinated peptide (CCP) 
antibodies and rheumatoid factor, as well as an elevated erythrocyte sedimentation rate. 
Rheumatoid arthritis was diagnosed, but the patient chose not to begin specific therapy for 
rheumatoid arthritis. Instead, she began taking selenium, cod-liver oil, and turmeric as home 
remedies for joint pain. Morning stiffness and joint pain resolved after 4 weeks.
Four years before the current presentation, treatment with hydroxychloroquine was started after 
the occurrence of another episode of morning stiffness and pain in the small joints of the hands. 
Three years before the current presentation, treatment with hydroxychloroquine was stopped 
after melasma developed. Treatment with methotrexate was initiated, but morning hand stiffness 
and pain recurred; methotrexate was replaced with leflunomide, and the symptoms in the hands 
subsequently decreased.

Melasma



Six months before the current presentation, the patient began to have myalgia in the arms and thighs, 
as well as generalized fatigue. She had difficulty raising her arms above her head, and she could no 
longer independently brush her hair or apply makeup. Myalgia worsened with exercise and was worst 
at the end of the day. The patient reported episodes of tingling in the hands and feet, but she had no 
stiffness or pain in the small joints of her hands.
Three months before the current presentation, the patient was evaluated by a local rheumatologist 
and laboratory testing was performed. The blood level of creatine kinase was 422 U per liter (reference 
range, 40 to 150) and the lactate dehydrogenase level 509 U per liter (reference range, 110 to 210). 
Antinuclear antibodies (ANA) were detected at a titer of 1:320 in a nuclear homogenous pattern, and 
anti–U1-ribonucleoprotein (U1-RNP) antibodies were present. The blood levels of C3 and C4 were 
normal, and testing for anti–double-stranded DNA (dsDNA) and anti-Smith antibodies was negative. 
Two months before the current presentation, treatment with azathioprine was started, and the patient 
was referred to the rheumatology clinic of this hospital.
In the rheumatology clinic, the patient reported ongoing myalgia and tingling in the hands and 
feet but had noticed an improvement in her ability to raise her arms above her head after 
starting treatment with azathioprine. Two weeks earlier, episodes of muscle spasms in the 
hands and fingers had developed; massage of the hands had been performed to relax the 
spasms.



The patient had a history of Graves’ disease, which had been complicated by ophthalmoplegia and 
had been treated with methimazole for 2 years, followed by radioactive iodine ablation 11 years 
before this presentation; hypothyroidism had developed after radioactive iodine ablation therapy. 
Other history included latent tuberculosis infection, which had been treated with a 3-month course 
of isoniazid and rifampin, and hypoparathyroidism that had developed 9 years before this 
presentation. Medications included azathioprine, levothyroxine, calcium supplements, and 
calcitriol; the patient was unsure of the formulation and dose of calcium supplementation. She 
lived outside the United States and traveled intermittently to Boston for specialized medical care. 
She lived with her mother and worked in information technology. She drank alcohol occasionally, 
smoked cigarettes, and used no illicit drugs. A sibling had systemic lupus erythematosus (SLE).
On examination, the temporal temperature was 36.3°C, the blood pressure 145/70 mm Hg, 
the pulse 72 beats per minute, the respiratory rate 18 breaths per minute, and the oxygen 
saturation 100% while the patient was breathing ambient air. She had mild exophthalmos 
in both eyes. There was an area of hyperpigmentation on the face. The joints had a normal 
range of motion without tenderness on palpation; there was no synovitis. Neck flexion was 
mildly weak, as was hip flexion; strength was otherwise normal, as was sensation. There 
was no rash. The remainder of the examination was normal (Chvostek test was not done).
Diagnostic tests were performed, and management decisions were made.
(no measurements of parathyroid function etc. are given in this protocol).



Differential Diagnosis
This 44-year-old woman with seropositive rheumatoid arthritis presented to the rheumatology clinic with 
a recent onset of fatigue, proximal muscle weakness, myalgia in the arms and legs, paresthesia in the 
hands and feet, and muscle spasms in the hands. The available laboratory data showed elevated levels of 
creatine kinase and lactate dehydrogenase, as well as the presence of rheumatoid factor, anti-CCP 
antibodies, ANA, and anti–U1-RNP antibodies.
Rheumatoid Arthritis
When I evaluate a patient with a history of a rheumatic disease, I first establish whether I agree 
with the previous diagnosis before proceeding with evaluation of the patient’s current 
presentation. Five years before this patient’s current presentation, she had symmetric small-joint 
polyarthritis and was found to have positive tests for rheumatoid factor and anti-CCP antibodies. 
The specificity of a positive test for anti-CCP antibodies for the diagnosis of rheumatoid arthritis 
is 95%; in combination with a positive test for rheumatoid factor, the specificity increases to 98%.
Autoimmune Diseases
Proximal muscle weakness and myalgia are not characteristic clinical manifestations of 
rheumatoid arthritis. However, other rheumatic conditions are high on the differential diagnosis 
in this patient with evidence of autoimmunity, on the basis of her diagnoses of rheumatoid 
arthritis, Graves’ disease, and hypoparathyroidism (which can be caused by an autoimmune 
process) and given the fact that a first-degree relative has SLE. 



Overlap Syndrome of Rheumatoid Arthritis and SLE
Could this patient have an overlap syndrome of rheumatoid arthritis and SLE? She is known to have had a 
positive ANA test; such antibodies can be present in patients with SLE. However, this autoantibody has 
low specificity and can also be present in patients with rheumatoid arthritis, idiopathic inflammatory 
myopathies, overlap syndromes, mixed connective-tissue disease, and Graves’ disease, as well as in first-
degree relatives of patients with SLE. 
Overlap Syndrome of Rheumatoid Arthritis and Idiopathic Inflammatory Myopathy
The classification criteria for idiopathic inflammatory myopathies include proximal muscle 
weakness, laboratory abnormalities (e.g., a positive anti–Jo-1 antibody test or elevated blood 
levels of creatine kinase, aldolase, lactate dehydrogenase, alanine aminotransferase, or 
aspartate aminotransferase), rash (e.g., Gottron’s papules, Gottron’s sign, or heliotrope rash), 
esophageal dysmotility or dysphagia, and pathological findings on muscle biopsy.
Mixed Connective-Tissue Disease
Proximal muscle weakness is also a manifestation of mixed connective-tissue disease. Mixed 
connective-tissue disease is characterized by the presence of anti–U1-RNP antibodies in 
association with features of several different rheumatic conditions, without meeting 
classification criteria for any one disease. 



Infiltrative Diseases
Both amyloidosis and sarcoidosis can be manifested by proximal muscle weakness and can be associated 
with carpal tunnel syndrome, which could explain the paresthesia in this patient’s hands. Although a 
diagnosis of either amyloidosis or sarcoidosis could explain her proximal muscle weakness and 
paresthesia, muscle spasms would be an unusual feature of either disease. 
Medications
Many medications have been associated with myalgia or proximal muscle weakness. The 
patient’s current medications included azathioprine (started 2 months before the current 
presentation for muscle weakness) and longer-standing treatment with leflunomide (for 
rheumatoid arthritis), calcium supplementation and calcitriol (for hypoparathyroidism), and 
levothyroxine (for hypothyroidism that developed after treatment for Graves’ disease). 
Infections
The bacterial infections that are most commonly associated with myalgia and proximal muscle 
weakness are those related to contiguous spread of Staphylococcus aureus infection.
Metabolic Derangements
Patients with metabolic myopathies that are related to disorders of carbohydrate, lipid, or 
purine metabolism often have proximal muscle weakness. However, I would have expected this 
patient to have had symptoms earlier in life if a metabolic myopathy was the cause.



Proximal muscle weakness can manifest in patients deficient in vitamin D, phosphorus, or calcium, as 
well as in patients with hypothyroidism or hyperthyroidism. This patient presented with not only 
muscle symptoms but also nerve symptoms (paresthesia and muscle spasms); therefore, I will focus on 
conditions that could explain both muscle and nerve symptoms.
Hypothyroidism can be associated with both muscle symptoms and paresthesia, particularly in the 
context of carpal tunnel syndrome. This patient’s treatment for Graves’ disease resulted in 
hypothyroidism, and her levothyroxine replacement dose could be too low. In addition, she has 
hypoparathyroidism, for which she was prescribed calcium supplementation and calcitriol. She was 
uncertain of the formulation and dose of her calcium supplementation regimen, so it is possible that 
the calcium supplementation has not been adequate. Hypoparathyroidism, with associated 
hypocalcemia, can be manifested by proximal muscle weakness and myalgia with the additional 
symptom of muscle spasms. Patients with profound hypocalcemia can have elevated creatine kinase 
levels. Overall, I suspect that hypocalcemia resulting from hypoparathyroidism is the most likely 
explanation for her presentation. I suspect that the diagnostic test was a comprehensive metabolic 
panel, which would include measurement of blood levels of calcium and albumin.
Diagnostic laboratory test results obtained at the rheumatology clinic included a blood calcium 
level of 5.9 mg per deciliter (1.5 mmol per liter; reference range, 8.5 to 10.5 mg per deciliter 
[2.1 to 2.6 mmol per liter]) and a blood phosphorus level of 4.5 mg per deciliter (1.5 mmol per 
liter; reference range, 2.6 to 4.5 mg per deciliter [0.8 to 1.5 mmol per liter]). An ECG would 
have been nice.



Discussion of Endocrinology Management
The patient’s severe hypocalcemia with associated symptoms was initially treated with intravenous 
calcium. Intravenous calcium gluconate is usually used to avoid irritation from extravasation of 
intravenous fluid.
The cause of the hypoparathyroidism in this patient was not entirely clear. The differential diagnosis 
of hypoparathyroidism includes neck surgery, infiltrative and destructive diseases, autoimmune 
diseases, and genetic and developmental conditions. She had no family history of hypocalcemia. 
There was no history that was consistent with autoimmune polyglandular syndrome type 1, nor was 
there a history of early development of hypocalcemia in childhood. She was not receiving any 
medications that were known to be associated with hypocalcemia. She had been treated with 
radioactive iodine ablation for Graves’ disease, and rare case reports have described the 
development of hypoparathyroidism in such circumstances. Acquired hypoparathyroidism can be 
due to autoimmune mechanisms, including activating autoantibodies to the calcium-sensing 
receptor in the context of ongoing autoimmune disease, which may be of relevance to this patient, 
given her underlying autoimmune diagnosis.





Rheumatology Diagnostic Testing
When we first evaluated the patient, the available test results included the calcium level of 5.9 mg per 
deciliter, as well as a markedly elevated creatine kinase level. Proximal muscle weakness, myalgia, and 
a substantially elevated creatine kinase level increased our suspicion for idiopathic inflammatory 
myopathies. However, the presence of hypocalcemia in the context of hypoparathyroidism would 
explain the patient’s muscle spasms and paresthesia, as well as her myopathy. Some 
endocrinopathies, such as hyperthyroidism, typically cause myopathy in patients with a normal 
creatine kinase level. In contrast, patients with hypoparathyroid myopathy typically present with an 
elevated creatine kinase level; thus, hypoparathyroid myopathy was considered to be the most likely 
diagnosis in this case.
The diagnosis of hypocalcemic hypoparathyroid myopathy could have been confirmed by monitoring 
the patient’s symptoms and creatine kinase level after calcium repletion therapy was started. 
However, because of the facts that her symptoms resulted in hospitalization, that the morbidity 
associated with untreated idiopathic inflammatory myopathies is high, and that she lived outside the 
United States, we chose to further evaluate the possibility of idiopathic inflammatory myopathies.



Myositis-Specific and Myositis-Associated 
Antibodies.



Given the negative MRI results, which further decreased the probability of idiopathic inflammatory 
myopathies, we chose not to pursue a muscle biopsy. After calcium repletion therapy, the patient’s 
symptoms abated rapidly, and by the time she was discharged from the hospital, the creatine kinase level 
had decreased to 227 U per liter. The results of the myositis panel, which became available after her 
discharge, did not identify any additional positive antibodies. Therefore, the response to calcium repletion 
therapy and the negative MRI and myositis panel were all consistent with hypocalcemic hypoparathyroid 
myopathy. Although the reason she felt better after treatment with azathioprine was unclear, we 
recommended discontinuation of azathioprine and resumption of leflunomide because her rheumatoid 
arthritis had been in remission with the use of leflunomide therapy and because her myopathy was not 
inflammatory in nature.
Follow-up
The importance of routine appointments with the patient’s local endocrinologist was 
emphasized so that her doses of calcium and calcitriol could be adjusted appropriately, her 
urinary calcium level could be monitored, and any new prospective therapeutic options, 
including PTH replacement therapy, could be discussed. We recommended genetic testing for a 
possible activating mutation in the calcium-sensing receptor and for mutations associated with 
autoimmune hypoparathyroidism; however, such mutations were probably unlikely to be 
present, given that symptoms did not develop in this patient until later in life. Autoantibodies to 
the calcium-sensing receptor in the context of her autoimmune disease might also be useful.















































































After 21 years at my dream job, I’m very sad to announce my early 
retirement from the National Institutes of Health. My life’s work has 
been to scientifically study how our food environment affects what we 
eat, and how what we eat affects our physiology. Lately, I’ve focused 
on unravelling the reasons why diets high in ultra-processed food are 
linked to epidemic proportions of chronic diseases such as diabetes 
and obesity. Our research leads the world on this topic. Given recent 
bipartisan goals to prevent diet-related chronic diseases, and new 
agency leadership professing to prioritize scientific investigation of 
ultra-processed foods, I had hoped to expand our research program 
with ambitious plans to more rapidly and efficiently determine how 
our food is likely making Americans chronically sick. Unfortunately, 
recent events have made me question whether NIH continues to be a 
place where I can freely conduct unbiased science. Specifically, I 
experienced censorship in the reporting of our research because of 
agency concerns that it did not appear to fully support preconceived 
narratives of my agency’s leadership about ultra-processed food 
addiction. 


