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FROM THE EDITOR

Dealing with the “T”
(testosterone)

Over the past few years, TV viewers have been inundated with commercials and info-
i mercials extolling the value of testosterone supplementation for men with “low T” and
various symptoms. So there is no surprise that during clinic visits questions arise regard-

ing the need for testosterone level testing or concerns with empiric supplementation.

Testosterone levels (free and total) decrease in many men, seemingly as part of the normal
aging process, but more markedly in men taking certain medications and in men with obesity,
sleep disturbances, and several chronic diseases. Low testosterone levels have been variably associ-
ated with erectile dysfunction, fatigue, sarcopenia, depression, low libido, anemia, decreased bone
density, and a host of other symptoms. Association of course is not equivalent to causation. The
implication of that statement is that testosterone supplementation will not necessarily ameliorate
all these conditions.

Shumaker et al' in this issue of the Journal concisely review the urologic perspective on the
appropriate diagnosis of testosterone deficiency and potential therapeutic value of testosterone
supplementation. They emphasize from the outset that the diagnosis of testosterone deficiency
demands the presence of both clinical signs and appropriate laboratory evidence of low testoster-
one. Intrinsic to that statement is a challenge that presents itself in the primary care physician’s
and subspecialist’s office: when to attribute nonspecific symptoms to low testosterone vs normal
aging or comorbid medical conditions. This can be difficult even in the setting of low total testos-
terone (< 300 ng/dL per the American Urological Association).

An interesting question to me is whether there is a physiologic need for testosterone levels to
decrease with male aging. If there is, supplementation with exogenous testosterone to attain the
“normal” levels of a young male would not necessarily exert a major beneficial effect and might
even be counter to other physiologic functions. To date, however, major adverse effects of testoster-
one supplementation in aging men with low or, in some short-term studies, normal levels have not
been observed, the caveat being that large long-term studies do not exist. The recent TRAVERSE
(Testosterone Replacement Therapy for Assessment of Long-term Vascular Events and Efficacy
Response in Hypogonadal Men) study? designed to address part of this question found no significant
increase in major cardiovascular adverse events resulting from testosterone supplementation in
middle-aged and older men with increased cardiovascular risk, low testosterone (< 300 ng/dL), and
at least 1 symptom of hypogonadism. They did observe an increased occurrence of arrhythmias,
including atrial fibrillation and thromboembolic events. The modestly low rate of volunteer adher-
ence to the full protocol and a lower than anticipated rise in serum testosterone in the treated group
are of note. Nonetheless, this and other randomized studies (reviewed by Diem et al’) provide some
comfort that there is not likely a major risk of serious adverse effects in reasonably dosed, selected
patients with hypogonadism at baseline.

The pragmatic clinical questions remain as to how much benefit is provided by testoster-
one supplementation, and for which symptoms. As noted by Shumaker et al,' there are some

doi:10.3949/ccjm.91b.02024
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evidence-based benefits of testosterone supplementation, and it is reasonable to offer this treatment to select
symptomatic men with documented hypogonadism and sexual dysfunction. Importantly, they discuss how hypo-
gonadism must be appropriately confirmed. Despite admonitions in the literature to document hypogonadism
prior to offering testosterone supplementation, this is not always adhered to in the real world. An ongoing chal-
lenge is to mesh patients’ expectations of success, which have been ginned up by multiple TV advertisements
and online tributes to various “T supplements,” with randomized trial data. In 2020 the American College of
Physicians* published a grounded clinical guideline, informed by randomized trial data,’ addressing testosterone
treatment of men with age-related hypogonadism.

The recommendations and conclusions from the evidence expressed in that guideline are few and succinct.
The authors concluded that there is evidence for a modest effect size improvement in components of sexual
dysfunction with testosterone supplementation (with “low-certainty evidence”), and that the perceived benefit
should be reevaluated in patient discussions within a year of treatment initiation. Perhaps what should have
greater impact on real-world practice (and patient expectations) is their recommendation* that clinicians “not
initiate testosterone treatment in men with age-related low testosterone to improve energy, vitality, physical
function, or cognition (... low-certainty evidence) [emphasis added].”

But randomized trials can sometimes offer surprises; even well-designed trials may not always reflect the com-
plete “truth.” Testosterone has previously been shown to increase bone density in men with hypogonadism,” and
in practice, low testosterone is a sought cause of decreased bone density in men with unexplained osteoporosis.
So it was an unexpected observation in a subtrial analysis® looking at fractures in participants of the TRAVERSE
study’ that the men with hypogonadism receiving testosterone supplementation actually had a numerically higher
incidence of fractures than those receiving placebo. The fracture rate was low, the study may not have been long
enough, the post-treatment testosterone level may not have reached the desired level, and bone densities in the
participants before and after entry were not reported. The results were surprising nonetheless. This is consistent
with other observations suggesting that testosterone may have many effects, but they may be modest enough to
require large-scale, protracted clinical trials that include only participants with truly low testosterone levels to
unequivocally demonstrate clinical effects.

Randomized testosterone clinical trials have demonstrated some benefits and other mixed results. In the real
world, if a patient feels better taking testosterone supplementation, is it the “T” or is it a placebo effect? If supple-
mentation is truly safe, does it matter? So the question of whether it has been demonstrated with certainty that
long-term testosterone supplementation for the patient with age-associated hypogonadism (without complicating
comorbidities) is benign remains relevant.

7B Whpnech o

—

Brian F. Mandell, MD, PhD
Editor in Chief
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LETTERS TO THE EDITOR

Should I start an SGLT-2
inhibitor in my patient with
heart failure and chronic
kidney disease?

To the Editor: The article by Sekerak and colleagues'
is an excellent highlight of the sodium-glucose
cotransporter 2 (SGLT-2) inhibitor family’s pluripo-
tent cardiorenal impacts. I offer several suggestions to
optimize the utilization of this therapeutic class.

First, regarding dosing, while dapagliflozin 5 mg is
approved by the US Food and Drug Administration
for glycemic control, the heart failure and chron-
ic kidney disease trials were done exclusively with
10 mg, which is the only approved dose for these in-
dications. Similarly, empagliflozin 25 mg is intended
for intensification of glycemic control. Use of 10 mg
of either agent up front, irrespective of indication,
fosters a “set it and forget it” approach that has been
beneficial in uptake of this class, particularly in heart
failure and chronic kidney disease.

Second, the authors write that clinicians should
monitor for hyperkalemia. However, contemporary
studies have allayed concerns about hyperkalemia. In
patients with diabetes, SGLT-2 inhibitors have been
shown to reduce the risk of hyperkalemia without
increasing the risk of hypokalemia.? In EMPEROR-
Reduced (Empagliflozin Outcome Trial in Patients With
Chronic Heart Failure With Reduced Ejection Frac-
tion), there was no difference in rates of hyperkalemia,’
and in FIDELIO-DKD (Finerenone in Reducing Kid-
ney Failure and Disease Progression in Diabetic Kidney
Disease), use of SGLT-2 inhibitors decreased the rate of
hyperkalemia associated with finerenone use.*

Third, the authors’ recommendation to check a
basic metabolic panel 2 to 4 weeks after initiating
SGLT-2 inhibitor therapy may not be universally
necessary, although it could be reasonable in elder-
ly patients or if there are significant clinical con-
cerns regarding volume status or other factors. As
articulated by some experts,” contemporary studies
have alleviated concerns regarding acute kidney in-
jury, highlighting that the physiological dip in the
estimated glomerular filtration rate (eGFR) induced
by SGLT-2 inhibitors does not correlate with kid-
ney injury and that, despite this dip, therapy should
be continued. Therefore, for most patients, it seems
reasonable to check laboratory values at the next
routine round of laboratory testing rather than 2 to
4 weeks after initiation. This approach could reduce

82 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 91 e NUMBER 2

patient burden and prevent the misinterpretation of
an expected eGFR dip leading to interruption of this
critical therapy.

Taher Modarressi, MD
Princeton Cardiometabolic Health,
Pennington, NJ
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In Reply: We thank Dr. Modarressi for his important and
timely response. We agree with his recommendations
for optimizing the utilization of this therapeutic class.
Regarding dosing, we agree that the “set it and forget
it” approach of starting an SGLT-2 inhibitor has been
particularly beneficial for this class of medications. As
opposed to other medications that require frequent
titration and follow-up laboratory work, SGLT-2 inhib-
itors may be started earlier in patients with heart failure
while other medications are added and titrated up.

We also agree that the role of routine laboratory
testing for hyperkalemia has limited value, especial-
ly in light of new guidelines and data. Several studies
have shown that hyperkalemia is not a common side
effect of SGLT-2 inhibitors, and we agree that labora-
tory testing can be done on a case-by-case basis rather
than routinely. Patients who can maintain adequate
hydration generally will have limited side effects from
SGLT-2 inhibitors. Additionally, while changes in
serum creatinine levels and eGFR may be alarming
at first, they do not correlate with kidney injury, and
therapy should be continued regardless. For most pa-
tients, we agree that routine laboratory checks may be
burdensome and unnecessary, and may lead to prema-
ture interruption of SGLT-2 inhibitor therapy.

Thus, overall we agree with Dr. Modarressi’s statements
and observations, and believe that SGLT-2 inhibitors may
be started earlier in a patient’s course because of the “set it
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and forget it” approach. Most important, in light of
new data and guidelines, patients with chronic kid-
ney disease should have access to SGLT-2 inhibitor
therapy to help mitigate cardiovascular risk. Addi-
tionally, follow-up laboratory tests may not be neces-
sary in all patients given the remarkable safety profile

of SGLT-2 inhibitors.

Pooja Prasad, MD
Oregon Health Science University,
Portland, OR

Megha Prasad, MD
Columbia University Medical Center,
New York, NY

doi:10.3949/ccjm.91¢.02002

Surgical and procedural
management of benign
prostatic hyperplasia

To the Editor: We read with interest the recent article by
Drs. Sotimehin, Haile, and Gill regarding the manage-
ment of benign prostatic hyperplasia (BPH).! We thank
the authors for their evidence-based commentary.

Office-based procedures and the gold-standard sur-
gical technique of transurethral resection of the pros-
tate (TURP) for BPH are limited by prostate gland
size.! For larger prostate glands, surgical techniques
such as laser enucleation of the prostate or prostatec-
tomy may be required.”? However, many patients with
BPH have contraindications to surgery, including the
need for anticoagulant or antiplatelet treatment.

Prostate artery embolization (PAE) is an outpatient
procedure performed under moderate sedation by ex-
perienced interventional radiologists. Multiple studies
have demonstrated that PAE is most effective in large
prostate glands, specifically glands with median lobe
enlargement. Additionally, because PAE does not re-
quire general anesthesia, most medical comorbidities
are not a contraindication. The low bleeding risk of
PAE also makes it a good option for patients taking
anticoagulant or antiplatelet medications.’

Multiple randomized controlled trials have com-
pared the efficacy of PAE and TURP over follow-up
periods of up to 24 months. Overall, these trials demon-
strated that TURP is superior to PAE in improving clin-
ical outcome parameters such as International Prostate
Symptom Score and quality-of-life ratings. However,
the differences between PAE and TURP were quanti-
tatively small and were often not statistically significant.
These trials also demonstrated a trend toward fewer ad-
verse events with PAE than with TURP, particularly in
terms of sexual dysfunction.*®

The most recent American Urological Association
guidelines for the management of lower urinary tract
symptoms secondary to BPH include PAE, performed
by an experienced physician, as a potential treatment
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option.? We agree that PAE can serve as a useful com-
plement to office-based and surgical procedures, and
with its addition we are able to offer effective and safe
treatment for all patients, irrespective of prostate size,
medical comorbidities, or need for anticoagulant or
antiplatelet medications.

Sameer Gadani, MD
Department of Diagnostic Radiology,
Cleveland Clinic, Cleveland, OH

Ihab Haddadin, MD
Department of Diagnostic Radiology,
Cleveland Clinic, Cleveland, OH

Justin Guan, MD
Department of Diagnostic Radiology,
Cleveland Clinic, Cleveland, OH

Michael Bergen, MD
Department of Diagnostic Radiology,
Cleveland Clinic, Cleveland, OH

Abraham Levitin, MD
Department of Diagnostic Radiology,
Cleveland Clinic, Cleveland, OH

mREFERENCES

1. Sotimehin AE, Haile E, Gill BC. Contemporary surgical and procedur-
al management of benign prostatic hyperplasia. Cleve Clin J Med
2023; 90(12):745-753. doi:10.3949/ccjm.91a.23034

2. Sandhu JS, Bixler BR, Dahm P, et al. Management of lower urinary
tract symptoms attributed to benign prostatic hyperplasia (BPH):
AUA guideline amendment 2023. J Urol 2024; 211(1):11-19.

3. Rostambeigi N, Golzarian J, Little MW. Updates on prepro-
cedural evaluation and patient selection for prostatic artery
embolization. Semin Intervent Radiol 2022; 39(6):547-554.
doi:10.1055/5-0042-1760274

4. XuZ,Zhou Z, Mu Y, Cai T, Gao Z, Liu L. An updated meta-analysis of
the efficacy and safety of prostatic artery embolization vs transure-
thral resection of the prostate in the treatment of benign prostatic
hyperplasia. Front Surg 2021; 8:779571.
doi:10.3389/fsurg.2021.779571

5. Qamhawi Z, Little MW. The state of evidence in prostate ar-
tery embolization. Semin Intervent Radiol 2022; 39(6):571-576.
doi:10.1055/5-0042-1759733

doi:10.3949/ccjm.91¢.02003

In Reply: We appreciate the timely and helpful com-
mentary by Dr. Gadani and colleagues highlighting the
recent inclusion of PAE in the American Urological
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Association (AUA) guidelines for the management of
lower urinary tract symptoms secondary to BPH.! As
noted, PAE is a welcome addition to the urological
armamentarium available for BPH treatment. We agree
with their evidence-based perspectives and their asser-
tion that PAE is a useful approach for certain patients
with BPH. PAE also serves as a helpful approach to
refractory hematuria of prostatic origin. Anecdotally,
some have utilized PAE prior to robotic simple pros-
tatectomy to reduce bleeding risk in patients who do
not accept blood products, but outcomes and data to
support this practice are lacking.

While PAE may serve as an option for BPH treat-
ment in patients who are not surgical candidates, are
at a high risk of bleeding, or who wish to preserve
sexual function or minimize incontinence risk, sim-
ilar to water vapor ablation, PAE is a treatment that
relies upon tissue necrosis (instead by ischemia) and
thus provides a delayed benefit for patients. The exact
delay between treatment and improvement of lower
urinary tract symptoms is incompletely understood,
but likely relates to prostate size. Additionally, as with
other newer BPH treatments, PAE lacks long-term
follow-up data to elucidate its durability and sub-
sequent BPH retreatment rates. This may stem from
patients following up with urologists after PAE and
not necessarily returning to the interventional radiol-
ogy teams who completed the procedure.?’

As the aim of our article was to provide a balanced
overview of the risks and benefits of BPH procedures,
it is worth highlighting some of the risks of PAE to
complement the strengths and benefits of the proce-
dures noted by Dr. Gadani and colleagues. A study
comparing PAE to TURP found that PAE had a high-
er retreatment rate and greater risk of postprocedural
urinary retention, and was less effective at alleviating
bladder outlet obstruction, as evidenced by urodynam-
ic (bladder pressure at maximum flow) measurments.’*
Radiation exposure must also be acknowledged, as this
is exclusive to PAE relative to other BPH therapies.
Additionally, there are unique risks of PAE that relate
to its vascular basis, which include post-PAE (post-
embolization) syndrome. This consists of nausea, vom-
iting, fever, pelvic pain, dysuria, and urinary frequen-
cy for several days after the procedure and occurs due
to the presence of an infarcted tissue mass. Lastly, the
risks of inadvertent embolization of vessels perfusing
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the bladder, rectum, and other neighboring structures
must also be recognized.

As with BPH surgery, greater procedural experi-
ence likely drives a lower risk of PAE complications.
As Dr. Gadani and colleagues note, PAE should be
performed in centers with highly trained and highly
experienced interventional radiologists. It has a par-
ticularly challenging learning curve and is technically
demanding, with potentially lengthy procedures hav-
ing an average fluoroscopy time of up to 50 minutes
and procedure duration of up to 2 hours.” Taking all
into account, the addition of PAE to the AUA guide-
lines is warranted, as it fills a necessary niche in the
spectrum of BPH treatments. It is also evidence of
the increasingly interdisciplinary approach to patient
care that is occurring throughout healthcare. For the
right patient, in the right scenario, and where there is
necessary expertise, PAE can be facilitated optimally
when interventional radiologists and urologists col-
laboratively manage patient care.!

Ayodeji E. Sotimehin, MD
Glickman Urological and Kidney Institute,
Cleveland Clinic, Cleveland, OH

Bradley C. Gill, MD, MS
Glickman Urological and Kidney Institute,
Cleveland Clinic, Cleveland, OH
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1 MINUTE CONSULT

Marie M. Plante, MD, BSN, RN
\ Department of Internal Medicine,
Mayo Clinic, Jacksonville, FL
\/1

BRIEF
ANSWERS
TO SPECIFIC
CLINICAL
QUESTIONS

Emily B. Wolf, MD
Department of Hematology and Oncology,
Mayo Clinic, Jacksonville, FL

Razvan M. Chirila, MD
Department of Internal Medicine,
Mayo Clinic, Jacksonville, FL

Q: What are the management
considerations for venous
thromboembolic events
in patients with cirrhosis?

A 61-year-old man with Child-Pugh class A cirrhosis,
admitted to the hospital with community-acquired pneu-
monia, is diagnosed with left lower-extremity proximal
deep vein thrombosis (DVT) with no evidence of impaired
venous drainage. Admission laboratory values include:

e Hemoglobin 10 g/dL (reference range 13.8-17.2 g/dL)
e Platelet count 60 x 10°/L (150—400 x 10°/L)

e Creatinine 1.0 mg/dL (0.7—1.3 mg/dL)

e [nternational normalized ratio (INR) 1.8 (0.8-1.1).
What is the appropriate management of his DVT?

o [This patient’s treatment should start with

¢ a direct oral anticoagulant (DOAC) or
low-molecular-weight heparin (LMWH).! His history
suggests that the DVT was provoked by immobility
secondary to pneumonia. Patient preference and drug
cost should further guide management, as excellent
adherence is needed to prevent future complications
and recurrence.

I INTERPRETING LABORATORY RESULTS:
ATENUOUS BALANCE

Hemostatic laboratory abnormalities are common in
patients with liver disease and can include thrombo-
cytopenia, prolonged prothrombin time, prolonged
activated partial thromboplastin time, elevated INR,
and decreased fibrinogen. Patients with cirrhosis were
previously thought to have an increased risk only of
bleeding as opposed to an increased risk of thrombo-
sis.! But current evidence argues for a “rebalanced”

doi:10.3949/ccjm.91a.23045
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hemostatic state from reciprocal changes in both
pro- and antihemostatic pathways.? Prothrombin time,
activated partial thromboplastin time, and INR are
often elevated in patients with cirrhosis because of low
levels of coagulation factors as well as decreased levels
of protein C, protein S, and antithrombin—all synthe-
sized by the liver.? Additional hypercoagulable changes
include the imbalance of von Willebrand factor with
ADAMTSI3 (a disintegrin and metalloproteinase
with thrombospondin type 1 motif, member 13),
hyperactive platelets, enhanced thrombin-generating
capacity, and, occasionally, hypofibrinolytic states.!
Patients with cirrhosis are therefore susceptible to
bleeding and thrombotic events secondary to this ten-
uous balance. A systematic review and meta-analysis
that included 11 studies determined there was a sig-
nificantly increased risk of pulmonary embolism and
DVT (odds ratio [OR] 1.7) in patients with cirrhosis

compared with controls.’

Predicting risk of venous thromboembolic events
Among several clinical scoring systems created to pre-
dict risk of a venous thromboembolic event (VTE),
only 2 have included patients with liver disease.!*’

The Padua Prediction Score is calculated using
11 variables with associated point values.* Patients with
cirrhosis whose Padua score was 4 or greater, considered
high-risk, were significantly more likely to develop
VTE (OR 12.7).4

The International Medical Prevention Registry
on Venous Thromboembolism (IMPROVE) risk score
was developed using data from 15,156 patients and
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included those with a history of hepatic failure.”> The
IMPROVE score is calculated using 7 variables with
associated point values. Patients with an IMPROVE
score greater than 2 may benefit from thrombo-
prophylaxis. In patients whose score was greater
than 4, approximately 5.7% developed VTE within
3 months.’

Each scoring system has limitations. Neither was
prospectively validated specifically for patients with
cirrhosis, although the IMPROVE model included
235 patients with prior hepatic failure.’

M VTE PROPHYLAXIS: EVIDENCE IS LIMITED

Risk of VTE in patients with cirrhosis increases with
prolonged hospitalization, immobilization, surgery, and
male sex. Because of perceived increased bleeding risk
in patients with cirrhosis, VTE prophylaxis has not
been used routinely in this population, and evidence
supporting it is limited. No randomized controlled
trial has compared outcomes of VTE prophylaxis in
patients with cirrhosis."® A large meta-analysis found
that patients with cirrhosis have a 1.9% higher abso-
lute risk of VTE than patients without cirrhosis.” The
American Gastroenterological Association therefore
recommends standard anticoagulation prophylaxis in
hospitalized patients with cirrhosis as a conditional rec-
ommendation with very low certainty of evidence.® The
European Association for the Study of the Liver (EASL)
recommends that patients with cirrhosis who are at risk
of VTE receive LMWH, noting that the strategy has
unclear efficacy but a reasonable safety profile.!

DOAGCs are not currently approved by the
US Food and Drug Administration (FDA) for VTE
prophylaxis in hospitalized patients, and data are
lacking to support their use in hospitalized patients
with cirrhosis. Current American Society of Hema-
tology guidelines recommend LMWH rather than
unfractionated heparin (UFH) because LMWH
requires less frequent administration.” Clinical
judgment and VTE risk assessments may further
aid clinicians. A meta-analysis that included more
than 5,000 patients lacked sufficient evidence to
advise for or against VTE prophylaxis in patients
with cirrhosis, although its use was not associated
with significant bleeding risk.®

I TREATMENT: THE RISK-BENEFIT RATIO
AND PATIENT ADHERENCE

Despite limited evidence for anticoagulation in patients
with cirrhosis, VTE should be treated in the absence
of absolute contraindications. Each patient must be

considered carefully to ensure that benefits outweigh
risks, as most studies excluded patients with active or
recent bleeding. Duration of anticoagulant therapy is
guided by whether the event is provoked or unpro-
voked, among other considerations. Patient adherence
is critical for successful treatment and prevention of
future complications.

Traditional anticoagulants

The EASL issued a weak recommendation for the use of
vitamin K antagonists or LMWH in patients with Child-
Pugh class A cirrhosis: LMWH is favored in patients with
Child-Pugh class B and C cirrhosis, and UFH is recom-
mended in the presence of renal impairment.!

Vitamin K antagonists are not ideal. They
require frequent monitoring, have a narrow ther-
apeutic range, and have many drug-drug interac-
tions.! They are particularly challenging in patients
with cirrhosis, whose altered INR baselines make it
difficult to establish a therapeutic range. The rela-
tively higher incidence of INR variability between
laboratories in this patient population is also prob-
lematic. Vitamin K antagonists should be avoided
in patients with cirrhosis who have a prolonged
baseline prothrombin time and INR.!?

The anticoagulant effect of LMWH has yet to be
fully characterized in patients with cirrhosis, and tra-
ditional monitoring with anti-Xa assays may be unre-
liable.! Large randomized controlled studies comparing
traditional anticoagulants are lacking in treating DVT
and pulmonary embolism in patients with cirrhosis,
but multiple studies have evaluated these agents in the
treatment of portal vein thrombosis in this population
and have suggested reasonable safety and efficacy of
UFH and LMWH.!

The EASL guidelines strongly recommend use of
DOAC:s in patients with Child-Pugh class A cirrhosis
and cautious use in patients with Child-Pugh class
B disease. The FDA recommends avoidance of oral
Xa inhibitors in patients with Child-Pugh class B or
C cirrhosis, but supports dabigatran for patients with
Child-Pugh class A and B disease.!

Overall, more prospective investigation of DOAC
safety and efficacy in this patient population is needed.
Most evidence to date is based on case series, retro-
spective studies, and small observational studies. Retro-
spective data with DOAC:s in patients with cirrhosis
and a variety of indications have shown safety and
bleeding events comparable to those with traditional
anticoagulants such as vitamin K antagonists, LMWH,
and UFH.! In the context of portal vein thrombosis,
edoxaban when compared with warfarin had a higher
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proportion of patients with complete resolution of por-
tal vein thrombosis, with less thrombosis progression
and a similar rate of bleeding events.'°

I THE CLINICAL BOTTOM LINE

Patients with cirrhosis exhibit a rebalanced hemostatic
state that makes them prone to VTE. The choice of
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anticoagulation for prophylaxis and treatment should
be individualized, and prospective studies are needed
to refine the decision-making progress. |
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Q: Does my patient
have testosterone deficiency?

o Diagnosis of testosterone deficiency (TD)

® requires the presence of relevant signs or
symptoms along with biochemical evidence. Testoster-
one deficiency can prove challenging to diagnose and
treat. The American Urological Association (AUA)
endorses a total serum testosterone cutoff of less than
300 ng/dL in support of a diagnosis.' The prevalence
of TD varies from 12% to 39% across men in their 50s
to 80s.? Testosterone levels decline by approximately
1% yearly after the fourth decade of life.’

M SIGNS, SYMPTOMS, AND COMORBIDITIES

The symptoms of TD are often nonspecific, particularly
in older men, and include fatigue and poor memory and
concentration. However, decreased libido, depression,
erectile dysfunction, delayed ejaculation, and dimin-
ished facial and body hair growth are more specific
indicators.* Physical examination findings that can
support a diagnosis of TD include testicular atrophy,
testicular masses, varicoceles, gynecomastia, and large
waist circumference.!

Several comorbidities are commonly associated
with TD. Evidence for a relationship between TD
and obesity (body mass index > 30 kg/m?) exists, with
approximately half of men with obesity exhibiting
reduced testosterone levels.’ The low total testosterone
observed in these patients may result from the lower
sex hormone-binding globulin levels associated with
obesity; however, free (biologically active) testosterone
levels may be normal. Diabetes also has been identified
as a comorbidity, with evidence suggesting that higher
testosterone levels decrease the risk of having the
disease.® Conditions that affect sleep are also related
to TD. Diurnal variation in testosterone levels, with
highest values in the morning hours, is associated with

doi:10.3949/ccjm.91a.23064

sleep. Sleep disturbances, therefore, can interfere with
nocturnal testosterone production. Obstructive sleep
apnea, in particular, has been described as a comorbid-
ity with TD.” Other potential associated conditions
include hypertension, hyperlipidemia, chronic obstruc-
tive pulmonary disease, chronic kidney disease, and
rheumatoid arthritis.”®

B WHAT ARE THE CAUSES OF TESTOSTERONE
DEFICIENCY?

The etiology of TD can be divided into acquired and
congenital causes. The acquired causes include aging,
obesity, testicular trauma or removal, pituitary disease
(prolactinoma), infection, environmental factors, auto-
immune processes, and medications such as narcotics,
antidepressants, and glucocorticoids.>”!° More recently,
it has been suggested that cannabis use may result in
reduced testosterone levels; however, higher-quality
studies are needed to establish a definitive associa-
tion.!! Congenital causes of TD include Klinefelter
syndrome, Kallmann syndrome (hypogonadotropic
hypogonadism with anosmia), and disorders of sexual
development.

I HOW IS IT DIAGNOSED?

Historically, a lack of consistency in serum testosterone
cutoffs has made TD challenging to diagnose. As noted,
a total testosterone value of 300 ng/dL is considered
the lower threshold for diagnosis. While age-specific
cutoffs may be more appropriate, such cutoffs have not
yet been adopted by guidelines. This AUA-endorsed
cutoff was determined based on statistical evidence
suggesting that below this value, men tend to experi-
ence more symptoms and respond better to treatment.'?
Importantly, in addition to biochemical evidence of the
condition, related symptoms must be present.
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Serum testosterone collection is a crucial compo-
nent of diagnosis. Total testosterone should be measured
between 7:00 and 11:00 am except for shift workers. At
least 2 measurements showing a low testosterone value
sampled at least 2 to 3 weeks apart are needed to meet
diagnostic criteria.! If low testosterone is confirmed,
serum luteinizing hormone should be measured in an
effort to elucidate the cause. Higher luteinizing hor-
mone values suggest primary TD (testicular failure of
production) and lower values, secondary TD (hypothal-
amus or pituitary malfunction). If luteinizing hormone
levels are low or normal (suggesting secondary TD),
serum prolactin should be measured to help evaluate for
the presence of a prolactinoma, a recognized potential
cause of TD. In a patient who presents with gyneco-
mastia, serum estradiol should be measured, as this sign
can be caused by a decrease in the testosterone:estrogen
ratio.! In patients with obesity who have low total tes-
tosterone, measuring free testosterone to confirm the
diagnosis may be useful.

I WHICH PATIENTS SHOULD BE TREATED?

Treatment is indicated if diagnostic criteria are met,
symptoms are present, and the patient understands
the risks and benefits of treatment. The primary goal
of treatment is to alleviate associated symptoms. There
are, however, additional benefits that testosterone
therapy may provide for patients with certain comor-
bidities. Specifically, it may improve bone mineral
density, blood glucose control, lean body mass, and
anemia. Screening for related conditions (eg, osteo-
porosis, diabetes) also may be reasonable for patients
presenting with TD. If TD can be explained by another
condition, then that condition should be treated before
testosterone therapy is started.!?

The 2018 AUA guideline endorses a strong recom-
mendation that men actively trying to conceive should
not receive exogenous testosterone, as it will suppress
the hypothalamic-pituitary-gonadal axis, inhibiting
spermatogenesis.! In addition, the guideline suggests
that testosterone therapy not be commenced for a
period of 3 to 6 months after a cardiovascular event
because of the potential for worse outcomes; however,
further study of this association is warranted."’

I TREATMENT OPTIONS

Multiple treatment options and protocols exist depend-
ing on the patient’s preference and desire to maintain
fertility. Routes of administration for exogenous testos-
terone include intramuscular and subcutaneous injec-
tions, subcutaneous pellet implantation, topical thera-
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pies, oral agents, and intranasal spray. For patients with
fertility concerns, endogenous testosterone production
can be promoted with selective estrogen receptor mod-
ulators such as clomiphene citrate, human chorionic
gonadotropin, aromatase inhibitors such as anastrozole,
or a combination of these. Of these agents for patients
who wish to maintain fertility, only human chorionic
gonadotropin is approved by the US Food and Drug
Administration for use in males. The biochemical goal
of treatment is to achieve a total testosterone level
in the middle tertile of the normal reference range,
approximately 450 to 600 ng/dL.!

I RISKS AND CONSIDERATIONS OF TREATMENT

Testosterone replacement therapy has multiple benefits,
but a few potential risks should be highlighted. Infertility
is one of the more critical risks that must be discussed
with the patient.!* Other potential adverse effects
include acne, fluid retention, exacerbation of obstructive
sleep apnea, exacerbation of existing lower urinary tract
symptoms related to benign prostate enlargement, and,
while less commonly reported, gynecomastia.!?
Elevated prostate-specific antigen is a notable phe-
nomenon that is expected to occur after testosterone
replacement therapy is started. Because the prostate
is an androgen-sensitive organ, increased androgens
will result in increased production of prostate-specific
antigen. It must be remembered that in this case, the
increase does not necessarily indicate a neoplastic
process.” Based on clinical principle, the AUA rec-
ommends measuring prostate-specific antigen in men
older than 40 before starting testosterone therapy in
order to exclude a diagnosis of prostate cancer.! Beyond
this, our practice is to use the prostate-specific antigen
level measured after initiation of testosterone therapy
as a baseline for future comparisons. The relationship
between testosterone replacement therapy and prostate
cancer risk is an area ripe for further research. When
counseling patients, however, it should be made clear
that currently there is no high-quality evidence linking
testosterone therapy to prostate cancer development.
Another adverse effect that has been associated
with testosterone therapy is an increased risk of venous
thromboembolic events. This association has not been
proven conclusively, however, and the AUA guideline
recommends informing patients of this.! Furthermore,
there is not yet robust, definitive evidence for testos-
terone therapy’s effect on the risk for cardiovascular
events (moderate recommendation; evidence level B).!
While not yet incorporated into guidelines, results from

the recent TRAVERSE (Testosterone Replacement
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Therapy for Assessment of Long-term Vascular Events
and Efficacy Response in Hypogonadal Men) study!®
suggest that testosterone therapy in men with hypo-
gonadism does not increase the risk of major adverse
cardiac events.

Il FOLLOW-UP

Following up with patients on testosterone therapy at a
specific time interval is necessary to optimize outcomes.
Measuring testosterone levels 1 to 2 months after
treatment initiation is recommended. If testosterone
levels increase adequately and symptoms are improved,
therapy can continue indefinitely, with testosterone
measurements taken every 6 to 12 months while the
patient is being treated. Prostate-specific antigen also
should be monitored at the same time interval, as
should the hematocrit, with a goal of maintaining a
hematocrit below 54%. If symptoms fail to improve
after 3 to 6 months of treatment, cessation should be
discussed, as TD may not be the cause of symptoms.
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In the case of an inadequate increase in testosterone
levels, dose adjustment or medication change can be
considered.!

I WHEN TO REFER TO UROLOGY

Urology referral should be pursued when a patient with
TD wishes to maintain fertility or is currently infertile.
Other situations warranting referral include prostate-
specific antigen values increasing beyond the new
post-treatment baseline or lack of improvement in erec-
tile function after treatment. In addition, any patient
who currently has prostate cancer or has been treated for
prostate cancer should be referred to a urologist. [ |
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Diagnosis and management
of pancreatic cystic lesions
for the non-gastroenterologist

ABSTRACT

Although most pancreatic cystic lesions do not progress
to cancer, they create concern for patients and their
primary care physicians. The lack of consensus guidelines
on diagnosis and surveillance of these lesions can lead to
a management conundrum. We review current guidelines
on diagnosis and management.

KEY POINTS

Magnetic resonance cholangiopancreatography with
dynamic magnetic resonance imaging is the test of choice
for diagnosis and assessment of high-risk or worrisome
characteristics in cysts. Pancreatic-protocol computed
tomography and endoscopic ultrasonography are suitable
options if magnetic resonance imaging is contraindicated.

High-risk clinical and laboratory features include obstruc-
tive jaundice, recurrent pancreatitis, elevated serum
carbohydrate antigen 19-9, presence of cells demonstrat-
ing high-grade dysplasia or neoplasia, and new-onset or
worsening diabetes.

Pancreatic cystic lesions with high-risk features and those
with a known high risk of malignancy, such as main duct
intraductal papillary mucinous neoplasms and solid pseu-
dopapillary tumors, should be referred for surgical excision.

Depending on clinical symptoms, suspected pancreatic
cystic lesion type, and the presence of certain high-risk
features, the monitoring period might range from

3 months to 2 years.

doi:10.3949/ccjm.91a.23019

ITH THE ENHANCED QUALITY and increased
Wfrequency of abdominal cross-sectional
imaging, pancreatic cystic lesions (PCLs) are
incidentally detected in apparently asymptom-
atic individuals,! with a pooled prevalence of
up to 8%.2 Although most of these lesions do
not progress to cancer, their high prevalence
and unclear potential for malignancy raise con-
cern for patients and primary care physicians.’”
Thus, before making management decisions, it
is necessary to describe PCLs by combining clin-
ical and imaging data to determine the risk of
malignancy. Several organizations have released
guidelines®!° on the diagnosis and surveillance
of PCLs, each with subtle distinctions, and none
are aimed specifically at primary care physicians.
In this review, we present a summary of current
guidelines for diagnosis and management.

Il EPIDEMIOLOGY

The prevalence of PCLs in the general pop-
ulation has not been thoroughly investigated
due to the inherent difficulty of examining
a typically asymptomatic condition. Due to
the increased use of abdominal imaging and
developments in high-resolution cross-sectional
imaging,'' the prevalence of PCLs has gradually
increased over the past 10 years.!? Depending
on the imaging modality used, the proportion of
incidentally discovered PCLs ranges from 0.2%
to 45.9%, with a pooled prevalence of 8%.>>"
The estimated prevalence also varies accord-
ing to geographical region, with an estimated
frequency of 12.6% in the United States and
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TABLE 1
Characteristics of neoplastic pancreatic cystic lesions
Intraductal Cystic
Solid pseudo- papillary pancreatic Pancreatic
Serous cystic papillary Mucinous cystic - mucinous endocrine ductal adeno-

Characteristic neoplasms tumors neoplasms neoplasms neoplasm carcinoma
Malignant Benign Can progress to malignancy Malignant
potential
Age group 50-60 20-30 40-50 60-70 50-60 60-70
Sex predilection Female more often than male None
Characteristic Multicystic Solid growth Solitary, Multifocal, Complex cystic Irreqular
findings on with central with cystic unilocular, communicates mass, hypoechoic mass
cross-sectional stellate scar degeneration found in body with main enhancement associated with
imaging or tail pancreatic duct, ~ of the cystwall,  an abrupt cutoff
(computed dilated main hypervascular of the main
tomography or pancreatic duct  rim, found in pancreatic duct
magnetic body or tail with upstream
resonance dilation
imaging)

Endoscopic Lower carcino- Not applicable Higher carcinoembryonic antigen Not applicable
ultrasonography-  embryonic (> 192 ng/mL), lower glucose
guided fine antigen (< 50 mg/dL), positive mucin stain
needle aspiration = (< 5 ng/mL),
cyst fluid analysis = higher glucose,
lower amylase
Treatment No intervention is Surveillance with or without resection Resection

recommended if
asymptomatic

South America, 8.6% in Europe, and 3.1% in Asia.?
In general, the incidence of PCLs normally increases
with age. However, certain PCLs demonstrate a higher
propensity to develop in either females or males, as well
as at specific ages or in particular locations within the
pancreas.>!*

I PCL CLASSIFICATION

PCLs are categorized as benign or neoplastic. Benign
PCLs include simple cysts, lymphoepithelial cysts,
and retention cysts. Neoplastic PCLs include serous
cystic neoplasms, solid pseudopapillary tumors, muci-
nous cystic neoplasms, intraductal papillary mucinous
neoplasms, cystic pancreatic endocrine neoplasms,
and pancreatic adenocarcinomas with a cystic
component.>1#18

Benign PCLs
Simple cysts (also known as true epithelial cysts) are
unilocular, lined by a single epithelial layer, have no

CLEVELAND CLINIC JOURNAL OF MEDICINE

Data from references 6-10, 19.

communication with the pancreatic ductal system, and
have no malignant potential.'®

Lymphoepithelial cysts are more common in males in
their 50s and are observed throughout the pancreas. They
are sometimes mistaken for pseudocysts and have a mean
size of 5 cm, and around half of them are multilocular.!”!8

Retention cysts are dilated side branches of the pan-
creatic duct produced by blockage (eg, calculi, mucin),
and they may have mucinous mucosal lining and can
be difficult to differentiate from intraductal papillary
mucinous neoplasms, PCLs with malignant potential."

In some classification schemes, acute pancreatic fluid
collection, pseudocyst, acute necrotic collection, and
walled-off necrosis are considered benign inflammatory
fluid collections, but these are not true PCLs because the
contents are not lined by epithelial cells and the lesions
are not always found in the pancreas.

Neoplastic PCLs
Table 159Y lists the key epidemiologic, clinical, and
imaging characteristics of neoplastic PCLs.
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TABLE 2
High-risk and worrisome features in
intraductal papillary mucinous neoplasms

High-risk features Worrisome features

Main pancreatic duct size > 10 mm Main pancreatic duct size

5-9mm
Obstructive jaundice and cystin ~ Cyst>3 cm
head of pancreas
Solid mass Lymphadenopathy

Cancer or high-grade dysplasia on  Elevated carbohydrate
cytology antigen 19-9 level

Cyst growth > 5 mm/2 years .

Change in caliber of main
pancreatic duct with distal
pancreatic atrophy

Thickened or enhancing cyst
walls

New-onset diabetes mellitus

Data from references 6 and 7.

Mucinous cysts are lined with a mucin-producing
epithelium and include intraductal papillary muci-
nous neoplasms and mucinous cystic neoplasms.® The
difference between mucinous cystic neoplasms and
intraductal papillary mucinous neoplasms is the pres-
ence of a connection to the pancreatic ductal system.
Mucinous cystic neoplasms do not communicate with
the ductal system, whereas intraductal papillary muci-
nous neoplasms originate from the ductal system.”?°

Mucinous cystic neoplasms are found in the body
and tail of the pancreas and are almost exclusively
found in women ages 40 to 60 (with a peak incidence
at age 40 to 50). These neoplasms have a character-
istic ovarian-type stroma and have been found to be
malignant in 0% to 34% of cases.’*?!

Intraductal papillary mucinous neoplasms are
divided into 3 types: main duct type, branch duct type,
and mixed type. The mixed type involves the main
duct and the branch duct, based on imaging studies
with or without histology. Main duct intraductal pap-
illary mucinous neoplasm causes dilation of the main
pancreatic duct of more than 5 mm without other
identified causes. Branch duct intraductal papillary
mucinous neoplasms have a lower risk of malignancy,
ranging between 12% and 47%, while main duct intra-
ductal papillary mucinous neoplasms and mixed type
have a higher risk of being malignant, ranging from
38% to 68%.%
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Serous cystic neoplasms are most frequent in women
between the ages of 50 and 60, exhibit a honeycomb
appearance on imaging (many tiny cysts surrounding
a central stellate scar with calcification), and have a
negligible chance of becoming malignant.?>?® There
are 4 distinct morphological patterns: microcystic,
macrocystic, mixed microcystic and macrocystic, and
solid.?>%

Solid pseudopapillary tumors are large solid, cystic,
or mixed solid-cystic tumors that primarily affect young
women. Although their malignant potential has not
been well investigated, these are certainly malignant
tumors with both local and metastatic potential, and
surgical excision is recommended.?

Other lesions with a cystic appearance include
pancreatic adenocarcinomas with a cystic component
and cystic pancreatic endocrine neoplasm.”?

I PCL CANCER RISK

Determining the cancer risk of PCLs should be
approached in 2 steps. First, determine whether the
cyst is neoplastic. Next, look for clinical and imag-
ing signs that have been linked to an elevated risk of
cancer and are described as “high-risk” or “worrisome”
characteristics.®

High-risk clinical features include obstructive jaun-
dice without other explanation, recurrent pancreatitis
due to a PCL, a significantly elevated serum carbo-
hydrate antigen 19-9 level, or, if cytology is obtained,
the presence of cells demonstrating high-grade dysplasia
or neoplasia, and new-onset or worsening diabetes.
Worrisome characteristics include main pancreatic duct
dilation greater than or equal to 5 mm, cyst size greater
than or equal to 3 cm, and the presence of a solid com-
ponent or mural nodule in the PCL.%"*1°Of the PCLs
with malignant potential, mucinous cystic neoplasms
and intraductal papillary mucinous neoplasms are the
most commonly observed in clinical practice.

Table 257 lists the high-risk and worrisome traits for
presumed intraductal papillary mucinous neoplasms.
When 1 or more of these characteristics are present,
the patient should be referred to a center of excellence
for additional examination and treatment by a multi-
disciplinary expert group.

Il DIAGNOSIS

PCLs are frequently seen on cross-sectional imaging
of the abdomen in asymptomatic patients. If a PCL is
an incidental finding, dedicated magnetic resonance
cholangiopancreatography with dynamic magnetic
resonance imaging is the test of choice and should be
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I —

Pancreatic cystic lesion found on cross-sectional abdominal imaging
(If the patient has a history of pancreatitis, evaluate for pseudocyst)

\

Does the patient have symptoms or high-risk cyst features such as
obstructive jaundice, enhancing mural nodule > 5 mm, or main L > Yes —»
pancreatic duct dilation > 10 mm? If no to all of the above and if
the cyst is < 3 cm, consider observation (refer to Table 3)

Consider resection
if clinically
appropriate

v

Yes, but resection is not appropriate

Perform endoscopic ultrasonography and fine-needle
aspiration with cyst fluid analysis and cytology studies to
distinguish between serous or mucinous cysts

o ~.

Serous cystadenoma: Mucinous cyst:
* Mucin-negative e Mucin-positive
e Carcinoembryonic antigen < 5 ng/mL e Carcinoembryonic antigen >192 ng/mL

4

Does the patient have any of these worrisome features for malignancy?

e Positive or suspicious cyst fluid cytology e Mural nodule >5 mm
¢ Thickened cyst wall e Main pancreatic duct dilation of 5
e Cyst size >3 cm e New-onset diabetes

¢ Higher levels of carbohydrate antigen 19-9 e Lymphadenopathy

¢ Change in the caliber of the pancreatic
duct with distal pancreatic atrophy

—> Yes
-9 mm

v

No

'

Yes <—| Does the cyst communicate with the main pancreatic duct? > No

. |

Consider intraductal papillary mucinous neoplasm Consider mucinou

s cystic neoplasm

A

4

Y

. . _ | Consider resection in young
Observe with computed tomography or magnetic B >| patients who may prefer surgery
resonance imaging at regular intervals (refer to Table 3) [ to extended surveillance

Figure 1. Strategy to evaluate and manage pancreatic cystic lesions.
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TABLE 3

Approach to surveillance of pancreatic cystic neoplasms based
on the different society guidelines

European
Cyst size IAP® (Kyoto), 2023 ACG,” 2018 AGA/° 2015 ACR,2 2017 consensus,’® 20182
<1am CT/MRI or EUS in MRI every 2 years ¢ MRl in 1 year, then MRI/CT every 1 year for  Surveillance every
6 months and then every : for 4 years every 2 years for 5 cysts 1.5cmto <2 cm 6 months for
18 months if stable years and every 6 months for : 2 times with MRI
cysts 2.0-2.5 cm for with or without EUS
Stop if no significant  : 4 times, then lengthen  : or CA19-9
change in the the interval
characteristics of the If stable, lifelong
cyst after 5 years of Stop after stability over  surveillance is
surveillance 10 years recommended
with annual
MRI/EUS or CA19-9
1-2 cm MRI every 1 year
for 3 years then
every 2 years
 for 4 years
2-3 cm CT/MRI or EUS every MRI/EUS every 6 For cysts > 2.5 cm, MRI/
6 months for 2 times and : months—1 year for CT every 6 months for
then every 12 months if  : 3 years then every 4 times, and if stable over
stable year for 4 years initial 2 years, MRI/CT
yearly for 2 times, then
every 2 years for 3 times,
then stop if stable over
10 years
>3cm CT/MRI or EUS every MRI/EUS every Pursue EUS-FNA For patients age > 80,
6 months 6 months for 3 imaging every 2 years for
years then every 2 times, and stop if cyst
year for 4 years is stable

2European consensus = European Study Group on Cystic Tumours of the Pancreas, United European Gastroenterology, European Pancreatic Club, European-
African Hepato-Pancreato-Biliary Association, European Digestive Surgery, and the European Society of Gastrointestinal Endoscopy.

ACG = American College of Gastroenterology; ACR = American College of Radiology; AGA = American Gastroenterological Association; CA = carbohydrate
antigen; CT = computed tomography; EUS = endoscopic ultrasonography; FNA = fine-needle aspiration; IAP = International Association of Pancreatology;

MRI = magnetic resonance imaging

performed to identify the cyst characteristics and any
high-risk or worrisome characteristics.®®

In patients who are unable to undergo magnetic
resonance imaging, pancreatic-protocol computed
tomography and endoscopic ultrasonography are
suitable options.” If the diagnosis is ambiguous, or if
the PCL has clinical or radiologic worrisome features,
endoscopic ultrasonography can give further diag-
nostic information.’ Fine-needle aspiration for cystic
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fluid cytology and biomarker analysis can provide
information on amylase concentration, intracystic
glucose level, carcinoembryonic antigen levels, or
molecular markers.”*"*® Notably, while certain PCLs
can be accurately diagnosed using cross-sectional
imaging with or without endoscopic ultrasonogra-
phy with fine-needle aspiration for cytology, surgi-
cal pathology is required for definitive histologic
classification.?
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Lately, remarkable progress has been made in the
identification and validation of molecular cyst fluid
biomarkers such as KRAS, GNAS, SPINK1, interleu-
kin-1-beta, cancer antigen 72-4, vascular endothelial
growth factor-A, vascular endothelial growth factor
receptor 2, prostaglandin E2, and methylated DNA
biomarkers.**** These biomarkers play a pivotal role in
aiding the diagnostic process, contributing to improved
accuracy in assessing PCLs.

Il MANAGEMENT AND PROGNOSIS

PCLs that have the potential to become malignant
are managed by active monitoring or surgical excision.
PCLs with high-risk characteristics, and those with
a known high risk of malignancy, such as main duct
intraductal papillary mucinous neoplasms and solid
pseudopapillary tumors, should be referred for surgical
excision. Patients with PCLs who have symptoms
such as pancreatitis, nausea and vomiting caused by
intestinal obstruction, or abdominal discomfort should
undergo surgical evaluation regardless of cancer risk.

Patients with asymptomatic cysts and those without
high-risk characteristics can undergo active surveil-
lance, as the likelihood of advanced neoplasia is low.
Surveillance is not advised for people older than 85
or people with too many medical comorbidities to
undergo surgery.>"*!1° Simple cysts and asymptomatic
pseudocysts don’t require monitoring.”’ Depending
on clinical symptoms, suspected PCL type, and the
existence of high-risk traits, the monitoring period
might range from 3 months to 2 years.®?*1°

Due to its exceptional resolution and ability to dis-
cern the main pancreatic duct effectively, magnetic
resonance imaging and magnetic resonance cholan-
giopancreatography are used for surveillance. On the
other hand, endoscopic ultrasonography is reserved
for patients displaying concerning characteristics, in
addition to fine-needle aspiration of cyst fluid for a
precise diagnosis through biomarker analysis. However,
for lesions with no worrisome features, a combination
of history, examination, and radiologic characteristics
may commonly define the type of PCL and assess the
risk of malignant degeneration.?® Figure 1 outlines a
strategy to evaluate and manage PCLs.

The duration of PCL surveillance is debatable, with
most current guidelines recommending the surveillance
interval based on radiologic PCL appearance and

changes over time compared with previous imaging,®"!°

while some advocate stopping after 5 years if the PCL is
stable and has not progressed.’ If the patient is unwilling
to undergo pancreatic surgery or is unfit for surgery, then
asymptomatic PCL surveillance may be stopped as it is
unlikely to impact clinical management or survival.*"1°
Experts advocate maintaining surveillance till age 75
and individualizing follow-up between ages 76 and 85
(Table 3).5'°[t is also advised to inform patients that they
may require continued surveillance even after undergoing
partial pancreatic resection, as recurrence may occur in
the remnant pancreas.®”>¢ Although it is difficult to
find strong prospective evidence that surveillance reduces
mortality, studies have shown that PCLs with the poten-
tial to become malignant can take years to develop, and
that pancreatic cancers detected through surveillance
were more frequently at an earlier stage in patients with
intraductal papillary mucinous neoplasms.”™*

Il CONCLUSION

Pancreatic cysts are frequently found incidentally on
cross-sectional imaging. The possibility of malignancy
varies depending on the type of PCL. Magnetic reso-
nance cholangiopancreatography with dynamic mag-
netic resonance imaging is the preferred test to identify
cyst characteristics and high-risk or worrisome features.
PCLs with malignant potential are treated by close
surveillance or surgical excision. A multidisciplinary
team should assess PCLs with high-risk characteristics
and those with a known high risk of malignancy, such
as main duct intraductal papillary mucinous neoplasms,
mucinous cystic neoplasms, and solid pseudopapillary
tumors.

Because advanced neoplasia is unlikely, active sur-
veillance is appropriate for asymptomatic cysts and
those that do not have any high-risk characteristics.
Surgery should be performed to remove high-risk PCLs
or those that progress while under surveillance. The
overall prognosis is favorable, with early detection
and active surveillance serving as the cornerstones of
management. [ |
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Hypertension and severe
hyperreninemia in a young man

Azg—YEAR—OLD MaN presented to the internal
medicine clinic for evaluation of hypertension.
His blood pressure at 2 separate clinic visits was
152/118 mm Hg and 156/116 mm Hg. He reported
home measurements with systolic pressures in the
140s to 150s mm Hg and diastolic pressures in the
90s to 100s mm Hg. His elevated blood pressure was
first noted in his late teens and managed with diet
and lifestyle changes. He had never been prescribed
antihypertensive medication.

His medical history was otherwise normal. He was
not taking prescription or over-the-counter medica-
tions and said he did not use supplements, tobacco
products, alcohol, or drugs. He was unaware of any
family history of hypertension. He reported heavy
snoring but had not experienced excessive daytime
fatigue and was unaware of any apnea.

[ INITIAL EVALUATION AND MANAGEMENT

On examination, the patient’s blood pressure was
156/116 mm Hg, heart rate 90 beats per minute,
and body mass index 28.6 kg/m?. His heart rhythm
was regular with no extra heart sounds or murmurs.
There was no carotid or abdominal bruit and no ele-
vation in jugular venous pulsation. His lungs were
clear to auscultation, with no wheezing or crackles.
His extremities were without edema, and no focal
neurologic deficits or funduscopic abnormalities
were noted.

Laboratory test results

Notable results of initial laboratory testing were as
follows:

e Serum potassium 3.5 mmol/L (reference range

3.5-5.0)

doi:10.3949/ccjm.91a.23055

Serum bicarbonate 30 mmol/L (21-31)

Basic metabolic panel otherwise within normal

limits

e Urinalysis with microscopic examination 0-2 red
blood cells (0-2), 0=5 white blood cells (0-5), and
negative urine protein

Random urine microalbumin less than 7 mg/L (< 7)
e Hemoglobin, white blood cell count, and platelet

count within normal limits

Total cholesterol 227 mg/dL (< 200)

High-density lipoprotein cholesterol 48 mg/dL (> 40)

Low-density lipoprotein cholesterol 143 mg/dL

(< 100)

e Triglycerides 182 mg/dL (< 150)

Hemoglobin Alc 5.5% (4.7-5.6)
Thyroid-stimulating hormone 1.62 mIU/L (0.55-
4.78).

The patient was prescribed lisinopril 20 mg
daily. Four weeks later, his blood pressure readings
remained above goal, and chlorthalidone 25 mg daily
was added. Unattended overnight sleep apnea testing
at home revealed a respiratory-event index of 18.3
per hour, consistent with moderate obstructive sleep
apnea. Nocturnal continuous positive airway pres-
sure therapy was initiated, and he was encouraged to
increase his physical activity and follow a low-sodium
diet.

At follow-up 3 months later, his blood pres-
sure was 120/80 mm Hg. Laboratory evaluation
revealed a serum potassium of 3.2 mmol/L. Conse-
quently, his chlorthalidone dosage was decreased to
12.5 mg daily and the lisinopril was increased to
40 mg daily. At his next office visit, his blood
pressure was 121/70 mm Hg and his potassium had
improved to 3.7 mmol/L.
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I POSSIBLE SECONDARY HYPERTENSION

Which of the following is the most appropriate
diagnostic test for this patient?

[J Plasma renin and aldosterone

[] Renal artery angiography

[] Seated plasma fractionated metanephrines
[] Early morning plasma cortisol

Evaluation for identifiable secondary causes of hyper-
tension should be considered in patients diagnosed
with hypertension under age 30, those with abrupt
onset or sudden worsening of hypertension, and those
with severe hypertension (ie, defined as blood pres-
sure > 180/120 mm Hg)."? Screening for secondary
hypertension is also recommended in patients with
resistant  hypertension—defined as uncontrolled
hypertension despite 3 antihypertensive drugs includ-
ing 1 diuretic—or controlled hypertension requiring
4 medications.! Testing for specific forms of secondary
hypertension can be guided by the history, physical
examination, and basic laboratory results.!*?

Primary aldosteronism is a common cause of sec-
ondary hypertension, with a prevalence of about 10%
to 20% in patients with hypertension.> Screening
is reccommended in those who present with severe or
resistant hypertension, hypertension and spontaneous
or diuretic-induced hypokalemia, hypertension with
an adrenal lesion, hypertension with atrial fibrillation,
or hypertension with obstructive sleep apnea.!*®7

The first step in screening for primary aldostero-
nism is to assess plasma renin and aldosterone levels
and calculate the aldosterone-to-renin ratio (ARR).7
Primary aldosteronism is more prevalent than was
previously realized and often goes undiagnosed.’’ Our
patient has multiple indications to screen for primary
aldosteronism, including hypertension with hypoka-
lemia and hypertension with obstructive sleep apnea.

Renal vascular disease is another relatively com-
mon cause of secondary hypertension, with a preva-
lence of about 1% to 8% in patients with hyperten-
sion.* Atherosclerotic vascular disease is responsible
for approximately 90% of cases of renal artery stenosis
and typically affects patients over age 50 who have
other vascular comorbidities or risk factors.! Fibro-
muscular dysplasia is a less common cause of renal
artery stenosis in younger patients, usually women.®
In a young man like our patient, renal artery stenosis
is statistically less likely than primary aldosteronism.
Screening for renal vascular disease could still be
considered, but the initial screening test should be
noninvasive imaging such as renal vascular duplex
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ultrasonography, magnetic resonance angiography of
the abdomen, or computed tomographic angiography
of the abdomen. Renal artery angiography is a con-
firmatory test that could be considered depending on
initial imaging findings.'

Pheochromocytoma is a rare cause of secondary
hypertension, with a prevalence of 0.1% to 0.6%.!
Screening should be considered in patients with resis-
tant hypertension, blood pressure lability, headache,
sweating, palpitations, pallor, or a positive family
history for pheochromocytoma, and in those with
an adrenal lesion.! The pretest probability of pheo-
chromocytoma in our patient is much lower than for
primary aldosteronism or renal vascular disease.

Checking for plasma fractionated metanephrines
is appropriate if there is high suspicion of pheochro-
mocytoma. However, plasma metanephrines should
be assessed only under standard conditions, with
the patient in the supine position with an indwell-
ing intravenous cannula. Measurements taken while
the patient is seated are associated with a high rate
of false-positive results. Alternatively, metanephrines
and fractionated catecholamines can be assessed on a
24-hour urine collection.’

Hypercortisolism is a rare cause of secondary
hypertension, with a prevalence of less than 0.1%.!
Signs and symptoms may include weight gain, central
obesity, facial plethora, proximal muscle weakness,
striae, bruising without trauma, hirsutism, dorsal and
supraclavicular fat pads, mental health problems, men-
strual irregularities, hyperglycemia, and early-onset
osteoporosis.'® Screening for hypercortisolism can be
done with an overnight 1-mg dexamethasone suppres-
sion test, 24-hour urine-free cortisol test, or late-night
salivary cortisol testing.!! An unsuppressed early morn-
ing cortisol test is sometimes used in case-detection of
adrenal insufficiency but would not be useful in screen-
ing for cortisol excess.

Il CASE CONTINUED: PLASMA RENIN

Our patient was initially started on lisinopril mono-
therapy. A second agent, chlorthalidone, was added
when blood pressure remained above goal after
4 weeks. Consensus guidelines recommend that for
patients who present with blood pressure more than
20/10 mm Hg above goal, initial antihypertensive
therapy should consist of 2 agents of different classes
rather than monotherapy.! In our patient, it would
have been appropriate to start treatment with com-
bination drug therapy rather than waiting 4 weeks to
start the second drug.
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TABLE 1
Effects of antihypertensive drug classes on plasma renin and aldosterone

Medication class Effect on plasma renin Effect on plasma aldosterone

Beta-blockers Decrease Moderate decrease
 Central agonists (eg, clonidine, alpha-methyldopa) Decrease Moderate decrease
Potassium-wasting diuretics Increase No change or moderate increase
Potassium-sparing diuretics Increase Moderate increase
 Angiotensin-converting enzyme inhibitors Increase Moderate decrease
Angiotensin receptor blockers Increase Moderate decrease

Renin inhibitors

2Renin inhibitors lower plasma renin activity but raise plasma renin concentration.

Our patient’s plasma renin concentration (PRC) was
found to be 1,971 pg/mL (4.2-52.2), and the plasma

aldosterone concentration was 11.3 ng/dL (< 35.3).

Which of the following causes of secondary hyper-
tension is not associated with hyperreninemia?

[] Juxtaglomerular cell tumor
[] Renal artery stenosis

[] Primary aldosteronism

[ Scleroderma renal crisis

The enzyme renin is secreted by the juxtaglomerular
apparatus, a specialized group of cells in the affer-
ent arterioles of glomeruli. The renin-angiotensin-
aldosterone system plays a central role in blood pres-
sure regulation. Briefly, increased renin-angiotensin-
aldosterone system activity raises blood pressure via
arterial vasoconstriction and retention of sodium
by the renal tubules. Normal physiologic stimuli for
renin release include decreased renal arteriolar pres-
sure sensed by baroreceptors, sodium and chloride
depletion sensed by the macula densa in the distal
renal tubules, and sympathetic (beta-1-adrenergic)
activity. Renin secretion is regulated via negative
feedback by angiotensin I1.12

Primary aldosteronism is classically associated
with low plasma renin. In fact, suppressed plasma
renin is a criterion for the diagnosis of primary
aldosteronism: autonomous aldosterone production
leads to pathogenic sodium retention and volume
expansion, resulting in negative feedback on renin
secretion.>®
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Based on information in reference 6.

Juxtaglomerular cell tumor, or reninoma, is a rare
cause of secondary hypertension and hypokalemia. It
leads to “primary” hyperreninemia via direct renin
secretion from tumor cells.” “Secondary” hyperrenin-
emia can be seen with any process that decreases
renal arteriolar perfusion pressure, including renal
artery stenosis, malignant hypertension, scleroderma
renal crisis, and renal thrombotic microangiopathy.
Hyperreninemia can occur secondary to excessive
sympathetic activation, as in pheochromocytoma.!*
Secondary hyperreninemia can also be seen in the
setting of sodium depletion, as occurs in salt-wasting
disease states like Bartter or Gitelman syndrome or
adrenal insufficiency. However, these are generally
not associated with hypertension.

Measurement of plasma renin

Clinical measurement of plasma renin is mainly indi-

cated in screening for primary aldosteronism. A high

renin level is not specific to any one form of secondary
hypertension. Two common assays are used to mea-
sure plasma renin:

e The plasma renin activity (PRA) assay quantifies
renin in terms of its enzymatic activity expressed
as the amount of angiotensin | generated per unit
of time

e The PRC assay, sometimes referred to as the direct
renin concentration, measures the mass of active
renin directly.

PRA accounts for endogenous angiotensinogen
levels and has less variation due to exogenous estrogen,
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TABLE 2

Trend of plasma renin and aldosterone laboratory values in our patient

Initial results while
taking lisinopril

Rechecked 6 weeks
later, with no

Rechecked after
4 weeks of verapamil

and chlorthalidone medication changes monotherapy
Plasma renin concentration 1,971 pg/mL 1,253 pg/mL 14.8 pg/mL
(reference range
4.2—52.2 pg/mL)
Plasma aldosterone 11.3 ng/dL 17.1 ng/dL 10.1 ng/dL

concentration
(< 35.3 ng/dL)

menstruation, pregnancy, and liver dysfunction. PRC
correlates well with PRA, and many laboratories have
adopted it because it is easier and less expensive to
perform than PRA.” Our institution measures PRC
via chemiluminescent immunoassay.

Il CASE CONTINUED: NEPHROLOGY REFERRAL

Further workup was pursued to evaluate possible
causes of hypertension and hyperreninemia. Renal
vascular duplex ultrasonography did not demonstrate
evidence of renal artery stenosis. Contrast-enhanced
computed tomography of the abdomen showed nor-
mal kidneys and adrenal glands without focal lesions.
Plasma fractionated metanephrines were normal. The
patient was referred to our nephrology hypertension
clinic for further evaluation of elevated plasma renin.
Repeat laboratory evaluation about 6 weeks after the
initial check showed a PRC of 1,253 pg/mL and a
plasma aldosterone concentration of 17.1 ng/dL. A
“washout” of medications that affect plasma renin
levels was pursued.

Which class of antihypertensive medication is not
associated with an increase in plasma renin levels?

[] Angiotensin-converting enzyme (ACE) inhibitors
[] Angiotensin receptor blockers (ARBs)

[] Thiazide and thiazide-like diuretics

[] Direct renin inhibitors

[] Beta-blockers

Many antihypertensive agents alter renin and aldos-
terone levels (Table 1).° When possible, screening for
primary aldosteronism should be done in the absence
of interfering medications.® For patients already on
antihypertensive therapy, however, withdrawal of
these medications may not be feasible, and delaying
testing for medication washout can lead to missed
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screening opportunities. To improve case-detection
rates, some authors have recommended a simplified
approach in which patients who meet criteria for
screening have their plasma renin and aldosterone
levels checked without adjustment of existing med-
ications.»'®!" At the time of initial screening, our
patient was taking lisinopril and chlorthalidone, both
of which can increase plasma renin levels.

ACE inhibitors and ARBs increase plasma renin
by blocking the negative feedback of angiotensin II on
renin secretion. Downstream, angiotensin II-mediated
aldosterone secretion is diminished.'® This rise in renin
and drop in aldosterone can significantly decrease the
ARR and lead to a false-negative screening result in
patients with primary aldosteronism.”"

Diuretics lead to increased renin secretion in com-
pensation for natriuresis and reduced blood volume.
Aldosterone is increased to a lesser degree, which can
also result in a false-negative ARR.7

Direct renin inhibitors block the enzymatic activ-
ity of renin and prevent formation of angiotensin I
and subsequently angiotensin II. This means that the
observed effect of direct renin inhibitors on plasma
renin varies depending on which assay is used. The
PRA (measuring the amount of angiotensin I gener-
ated per unit time) decreases, while conversely the
PRC (measuring the mass of renin present in plasma)
increases due to reduced negative feedback by angio-
tensin [1.%°

Dihydropyridine calcium channel blockers have
been associated with increased plasma renin in some
studies,’”?! while others reported a less significant
effect.!® Expert consensus guidelines still list this class
among those that can confound renin and aldosterone
measurements.*” The mechanism by which dihydro-
pyridine calcium channel blockers could increase
renin is not fully understood, but may involve effects
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on renal arteriolar baroreceptors, sympathetic activity,
and the secondary natriuresis induced by this class.!>"”

Beta-blockers and central alpha-2 agonists lead
to a reduction in plasma renin by the inhibition
of beta-adrenergic activity.*'® Aldosterone levels
are reduced to a lesser extent, which can lead to a
false-positive ARR.”

When medication adjustment is feasible, expert
consensus guidelines recommend the substitution of
antihypertensive drugs that have a minimal effect on
plasma renin and aldosterone. These include hydral-
azine, nondihydropyridine calcium channel blockers,
and alpha-2 adrenergic blockers. Medications that
can interfere with renin and aldosterone measure-
ments should be discontinued for at least 4 weeks.®7

I CASE CONCLUDED

In our patient, lisinopril and chlorthalidone were
stopped, and acceptable blood pressure control was
maintained using verapamil. Four weeks after these
changes, the patient’s PRC was rechecked and found
to be within the normal range at 14.8 pg/mL (Table 2),
indicating that the initial high PRC was secondary to
combination ACE inhibitor and diuretic therapy.

The confounding effects of ACE inhibitors and
diuretics on plasma renin and aldosterone levels are
well recognized, but the magnitude of renin elevation
in our patient was significantly higher than what has
previously been reported. In prospective studies of
normotensive volunteers and patients with essential
hypertension, initiation of an ACE inhibitor or ARB
has been associated with an average 4-fold to 6-fold
increase in plasma renin.?"*? In a recent meta-analysis
of randomized controlled trials in patients with hyper-
tension, the standardized mean increase in plasma
renin after starting a thiazide or thiazide-like diuretic
was about 1.5 times baseline, and the highest reported
mean increase was about 7 times baseline.”’
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Our patient’s initial PRC was more than 37 times
the upper limit of normal, comparable to levels
reported in association with reninoma." It is under-
standable that this finding prompted imaging and
nephrology referral.

I TAKE-HOME POINTS

Primary aldosteronism is an underrecognized and
treatable cause of secondary hypertension. Check-
ing plasma renin and aldosterone levels without first
adjusting medication may improve case-detection
rates.”'®!7 Results can still be reliably interpreted if
renin is in the suppressed range.!” In fact, a suppressed
renin while on ACE inhibitor, ARB, or diuretic
therapy should increase suspicion for primary aldo-
steronism.>** However, when renin levels are not
suppressed, a medication effect should be considered.

With broader application of screening for primary
aldosteronism, it is critical to understand the effects of
medications on plasma renin and aldosterone levels.
As shown in our patient, ACE inhibitors and thiazide
diuretics can lead to extremely high plasma renin lev-
els, comparable to those seen with rare causes of sec-
ondary hypertension such as reninoma. Awareness of
this possibility is critical when screening for primary
aldosteronism in patients taking these medications,
especially when taken in combination.

When evaluating a patient with elevated plasma
renin—even extremely high levels—the effect of
medications should be considered before pursuing
additional diagnostic testing. Significant cost, radia-
tion exposure, and psychological stress for the patient
may be avoided if plasma renin levels are reassessed
after confounding drugs are withdrawn. |
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Management of venous
thromboembolism in patients

with active cancer

ABSTRACT

Venous thromboembolism (VTE) is a major health burden
in patients with cancer, causing morbidity, emergency
room visits, hospitalizations, and death. Treatment is
challenging, as it is necessary to balance the risk of
recurrent thrombosis and bleeding associated with
anticoagulants. Treatment paradigms are shifting from
low-molecular-weight heparin monotherapy. Multiple
recent randomized controlled trials have demonstrated
the safety and efficacy of direct oral anticoagulants in this
setting. Current studies are evaluating factor Xl inhibitors
as potential treatments for cancer-associated VTE.

KEY POINTS

Patients with cancer are at a much higher risk of develop-
ing VTE than the general population.

Low-molecular-weight heparin or direct oral anticoag-
ulants are preferred over vitamin K antagonists. Direct
oral anticoagulants are generally preferred, but caution is
needed in patients at risk of bleeding.

In the absence of bleeding concerns, anticoagulants
should be continued for at least 6 months if the patient
still has active cancer or metastatic disease or continues
to receive systemic therapy.

doi:10.3949/ccjm.91a.23017

ENOUS THROMBOEMBOLISM (VTE) events,
Vincluding deep vein thrombosis, pulmonary
embolism, and visceral vein thrombosis, are
common in patients with cancer and can have
significant consequences. In a study of 4,466
patients with cancer, thromboembolism (includ-
ing VTE and arterial events) was reported to be
the second major cause of death (tied with infec-
tion), after cancer itself.! A recent large registry
study showed higher rates of mortality, recurrent
VTE, and bleeding in patients with active can-
cer when compared with patients with a history
of cancer or no cancer.” Sharman Moser et al’
compared patients with cancer with and without
VTE and found those with VTE were more likely
to be hospitalized (81.4% vs 35.2%), had longer
hospital stays (20.1 days vs 13.1 days), and were
more likely to visit the emergency room (41.5%
vs 19.3%). Studies have shown a 39.5% increase
in total healthcare costs in ambulatory patients
with lung cancer and VTE,* as well as increased
healthcare utilization, a 3-fold increase in the
rate of hospitalization, and an annual increase
in per-patient cost of approximately $29,000 for
recurrent VTE.

The pathogenesis of the thrombophilic
state in patients with cancer is distinct from
that in populations without cancer and is mul-
tifactorial.®” Tumor cells can interact with host
cells including endothelial cells, neutrophils,
platelets, and monocytes. They promote the
release of procoagulant factors and inflam-
matory cytokines that mediate endothelial
dysfunction, including tumor necrosis factor
alpha and interleukin-8.° Certain factors also
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activate the coagulation cascade and remodel fibrin
clot formation.” Certain types of cancer can lead to
leukocytosis and increased generation of neutrophil
extracellular traps that capture and activate platelets,
increase tissue factor activity, and secrete protein-
ases that promote metastasis. Another mechanism is
cancer-associated thrombocytosis.®"!°

I PRESENTATION OF VTE IN CANCER

VTE develops in 5% to 20% of patients with cancer,
and approximately 20% of all VTE cases occur in
patients with cancer.!! Clinical and biologic factors
that increase the risk of thromboembolism in patients
with cancer include site of cancer, advanced stage
(metastatic), use of central venous catheters, and treat-
ment such as antiangiogenesis, chemotherapy, immu-
notherapy, surgery, hospitalization, and transfusion.”®!!

VTE rates in patients with cancer are 4 to 7 times
higher than in healthy individuals and are rising,
possibly due to improved survival outcomes, use of
thrombogenic cancer treatments (antiangiogenic
agents, tyrosine kinase inhibitors, lenalidomide-based
regimens, thalidomide), extensive use of central cathe-
ters, and increasing awareness.!*'* Studies have shown
the highest risk of VTE is in patients with pancreatic
and brain cancers, although risk is considered high in
patients with gastric, esophageal, ovarian, and hemato-
logic malignancies, particularly multiple myeloma and
non-Hodgkin lymphoma.'>!¢ Because the prevalence of
breast, prostate, and colorectal cancer is much higher,
these cancers contribute to a significant proportion of
VTE, despite having a lower relative risk.'*

The risk of VTE recurrence is high even with admin-
istration of anticoagulation therapy, and various risk-
assessment models are used to predict the risk
in patients with cancer. Louzada et al'7 studied
543 patients with cancer and VTE and formulated the
Ottawa model to predict risk of VTE recurrence, which
was later validated. Findings from the Computerized
Registry of Patients with Venous Thromboembolism
(RIETE)'® demonstrated the following risk factors for
VTE recurrence: age less than 65, pulmonary embolism
as initial VTE, and less than 3-month interval between
cancer diagnosis and initial VTE.!®

Deep vein thrombosis in patients with cancer
mostly affects the veins in the lower limbs and usually
presents as painful swelling and redness of the affected
limb.”* Physical examination findings may include
unilateral erythema, warmth, tenderness, difference in
calf or thigh circumference, dilated superficial veins,
and localized pain along the course of the involved
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vein. Rarely, patients can develop deep vein thrombosis
in the internal jugular vein that can present as neck
pain, swelling, erythema, headache, blurred vision,
dizziness, and even altered sensorium. Other unusual
sites of VTE include splanchnic, mesenteric, and portal
veins that can present as abdominal pain, ascites, or
gastrointestinal tract bleeding, but these are most com-
monly found incidentally on staging or restaging scans
for malignancy. VTE in cerebral veins may present as
focal neurologic deficits or seizures.? The use of central
venous catheters predisposes patients to upper-extremity
deep vein thrombosis that presents with features similar
to those of lower-limb deep vein thrombosis.?!

Pulmonary embolism in cancer

Pulmonary embolism is another form of VTE presenta-
tion and can be a cause of sudden death.”**-** Common
symptoms include shortness of breath, chest pain that is
worse on inspiration (pleuritic type), cough, orthopnea,
calf pain or swelling, and hemoptysis. On examina-
tion, pulmonary embolism can present with tachycar-
dia, tachypnea, rales, decreased breath sounds, loud
S, heart sound, and jugular venous distention, as well
as the S1Q3T3 pattern on electrocardiography (large
S wave in lead 1, Q wave and inverted T wave in
lead 3). This pattern indicates right ventricular strain
and is rarely found in patients.

A recent study reported that patients with hemato-
logic malignancies were less likely to develop pulmo-
nary embolism (46% vs 55%) but had a higher risk of
upper-extremity deep vein thrombosis (25% vs 18%)
than patients with solid malignancies.?

Pulmonary embolism identified on contemporary
imaging ordered for staging or restaging of primary can-
cer is termed incidental pulmonary embolism.”?*-20VTE
can also be the first manifesting feature of underlying
malignancy.” The rate of occult cancer may reach 10%
at 12 months after the first unprovoked VTE event.?

In patients with cancer, VTE can be difficult to
diagnose owing to overlapping symptoms, especially in
patients receiving anticancer therapy,”?® with a large
number of symptoms misattributed to the underlying
malignancy rather than to VTE.!213

Il DIAGNOSIS

An elevated D-dimer is nonspecific, especially in
patients with cancer, as it can be elevated without
thrombosis.”* The high prevalence of VTE in patients
with cancer decreases the negative predictive value and
undermines clinical prediction rules in these patients.?®
Pretest probability based on the Wells or Geneva score
is used to guide evaluation for pulmonary embolism.”*’
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Patients at low or intermediate risk can be evaluated
with the highly sensitive D-dimer assay, age-adjusted
cutoffs, and no further testing if negative. However,
some experts consider imaging for patients with inter-
mediate risk even if the D-dimer is negative. If the
D-dimer is positive, computed tomography pulmo-
nary angiography is warranted, although ventilation-
perfusion scan is preferred to limit radiation exposure
and for patients with contrast allergy or renal failure.
If the patient is at high risk based on pretest probabil-
ity (Wells or Geneva scores), computed tomography
is warranted and D-dimer is not necessary prior to
imaging.”*

Although the Wells score classifies patients as
likely or unlikely to develop deep vein thrombosis
and recommends D-dimer testing or ultrasonography
based on the score, compression ultrasonography is the
mainstay for diagnosing deep vein thrombosis. Because
the prevalence of VTE is high in patients with cancer
and has worse outcomes, there is a low threshold for
diagnostic workup or compression ultrasonography for
deep vein thrombosis of the extremities.

Despite low or intermediate risk based on pretest
probability, proceeding with imaging is appropriate if
clinical suspicion for VTE is high, as is common in
patients with malignancy.?®?7

The rate of incidental deep vein thrombosis in the
extremities varies from less than 1% to as high as 7%
and may significantly underestimate the actual preva-
lence, as systematic assessment of distal veins may not
always be performed.?® A recent meta-analysis showed
the overall frequency of incidental pulmonary embolism
to be 3.36% (95% CI 3.15%—-3.57%), with variation
depending on the site of the primary malignancy.?’

I TREATMENT

Appropriate treatment of VTE in patients with cancer
is a challenge owing to the need to balance bleeding
risks with the increased risk of recurrent VTE.**37The
mainstay of therapy is anticoagulation.” The type of
cancer, thrombocytopenia due to cancer therapy, drug-
drug interactions with systemic cancer therapeutics,
bleeding risk, and nausea and vomiting associated with
ongoing chemotherapy can further complicate man-
agement regarding the choice of anticoagulant drug,
emphasizing the need for individualization.’

I ANTICOAGULANT THERAPY OPTIONS

Vitamin K antagonists

Vitamin K antagonists inhibit the synthesis of vitamin
K-dependent clotting factors (11, VII, IX, X). Tradition-
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ally, vitamin K antagonists (eg, warfarin) have been
the mainstay of treatment in VTE.!* Because of the
need for regular laboratory monitoring, the narrow
therapeutic range, dietary restrictions, and drug-drug
interactions with commonly used chemotherapy agents
such as 5-fluorouracil and less predictable pharmacol-
ogy, the current practice has shifted toward the use of
low-molecular-weight heparin (LMWH) and direct
oral anticoagulants (DOAC:s).

B LMWH

LMWH treatments have more predictable pharma-
cokinetic properties and better biologic availability,
especially in patients with concerns for chemotherapy-
induced emesis.’” LMWH monotherapy has been
the standard treatment for cancer VTE for the past
15 years.?63%3134 Owing to efficacy shown in randomized
studies, guidelines have recommended LMWH over
vitamin K antagonists in patients with cancer.’®’!%

The first large study to address the benefit of
LMWH in patients with cancer was CLOT (Ran-
domised Comparison of Low-Molecular-Weight
Heparin Versus Oral Anticoagulant Therapy for the
Prevention of Recurrent Venous Thromboembo-
lism in Patients With Cancer),*® which randomized
672 patients with active cancer and acute symp-
tomatic VTE to receive dalteparin 200 [U/kg sub-
cutaneously for 5 to 7 days, followed by a coumarin
derivative with a target international normalized ratio
of 2.5 or dalteparin (200 IU/kg once daily for the first
month, then 150 [U/kg) alone for 6 months. Analysis
showed lower rates of recurrent VTE over a 6-month
follow-up period in the LMWH group, with 8% of
patients developing recurrent VTE compared with
15.8% in the vitamin K antagonist group (hazard
ratio [HR] 0.48, 95% CI 0.30-0.77, P = .002).*° No
significant difference in major bleeding (P = .27) or
any bleeding (P = .09) was reported between groups.*

A decade later, a larger, global randomized con-
trolled trial, The Comparison of Acute Treatments in
Cancer Hemostasis (CATCH),*! compared outcomes
with tinzaparin and warfarin and showed no statistical
difference in rates of recurrent VTE or major bleeding,
but it did identify a significant reduction in clinically
relevant nonmajor bleeding in patients randomized
to tinzaparin (P = .004).’! However, current concerns
with LMWH include the inconvenient subcutaneous
route of administration and higher cost (at least in the
United States) that may contribute to reduced patient
adherence.!

FEBRUARY 2024 111



VTE AND CANCER

Il DOACs

DOAC:s include oral direct thrombin inhibitors
(dabigatran) and inhibitors of factor Xa (apixaban,
edoxaban, and rivaroxaban). Apixaban, edoxaban, and
rivaroxaban have been studied in the treatment of VTE
in patients with cancer, but there have been no can-
cer-specific data published with dabigatran for this indi-
cation. Oral route, fixed dosage, and no requirement for
routine monitoring or dietary restrictions as with vita-
min K antagonists have increased the use of DOACs for
long-term management.’*’® However, DOACs have
significant drug-drug interactions, particularly with
inducers and inhibitors of cytochrome P450 3A4 and
P-glycoprotein.”? Immune-modulating agents (tacro-
limus, dexamethasone, cyclosporine), tyrosine kinase
inhibitors (nilotinib), topoisomerase inhibitors (etopo-
side), hormonal agents (bicalutamide), anthracyclines
(idarubicin), and antimitotic agents (vinblastine, pacli-
taxel) have been known to cause interactions with
DOAC:s.* Caution is needed when DOAC:s are used
for treatment in conditions such as hepatic or renal
impairment, thrombocytopenia, active mucosal lesions,
and unresected mucosal tumors, or when administered
together with antiplatelet therapy. DOACs have also
been noted to increase the risk of bleeding in gastro-
intestinal and genitourinary cancers.!!

Several randomized controlled trials have shown
noninferiority of DOACs vs LMWH.?** The Hokusai
VTE Cancer trial proved noninferiority of the oral
factor Xa inhibitor edoxaban (DOAC) over daltepa-
rin (LMWH) in 1,050 patients with active cancer.”
The primary end point (composite end point of first
recurrent VTE or major bleeding within 12 months)
occurred in 12.8% of patients in the edoxaban group
vs 13.5% in the dalteparin group (HR with edox-
aban 0.97, P = .006 for noninferiority).” The rates of
recurrent VTE were not significantly different between
groups (7.9% vs 11.3%, HR 0.71, 95% CI 0.48-1.06,
P =.09). The edoxaban group had a higher rate of
bleeding (6.9% vs 4.0%, HR 1.77, 95% CI 1.03-3.04,
P = .04), particularly in patients with gastrointestinal
cancers, both resected and unresected (12.5% vs 3.6%,
HR 4.0, 95% CI 1.5-10.6, P = .005).14%

Anticoagulation Therapy in Select Cancer Patients
at Risk of Recurrence of Venous Thromboembolism
(SELECT-D) was a randomized, open-label, multi-
center trial involving 406 patients with cancer and
symptomatic or incidental pulmonary embolism or
symptomatic deep vein thrombosis of a proximal
lower extremity that compared outcomes with rivarox-
aban and dalteparin over a period of 6 months.** The rate

112 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 91 e NUMBER 2

of recurrent VTE was reduced in the rivaroxaban group,
with no significant difference between groups for rate
of major bleeding. However, the rate of clinically rele-
vant nonmajor bleeding events was higher in patients
randomized to the rivaroxaban group (13% vs 4%,
HR 3.76, 95% CI 1.63-8.69).°*

The Caravaggio trial*® analyzed outcomes in 1,155
patients with cancer and symptomatic or incidental
acute proximal deep vein thrombosis or pulmonary
embolism randomized to receive either oral apixaban
or subcutaneous dalteparin for 6 months. The primary
outcome of recurrent VTE was higher in the daltepa-
rin group, and contrary to the SELECT-D study,* the
bleeding rate was not higher in the apixaban group.*

A meta-analysis including 4 randomized controlled
studies comparing DOACs and LMWH showed a
reduced rate of recurrent VTE (relative risk ratio [RR]
0.62,95% CI10.43-0.91, I* 30%) without a higher like-
lihood of major bleeding (RR 1.31,95% CI 0.83-2.08,
2 23%).3¢

Consensus treatment approaches
In general, guidelines from various societies regarding
treatment of acute VTE in patients with active cancer
show a substantial consensus.!*** Both DOACs and
LMWH are considered preferred treatment options.
In the absence of risk factors such as renal failure,
hepatic impairment, thrombocytopenia, drug-drug
interactions, or upper-gastrointestinal malignancy with
an intact primary tumor, DOACs are the preferred
agents, whereas LMWH pharmaceuticals are preferred
for those with these risk factors (Figure 1).!1:16:323639-43
There is a major knowledge gap regarding duration
of treatment, as most clinical trials have focused only
on the first 6 months of treatment. Current guidelines
recommend that anticoagulants must be used for a
minimum of 6 months and continued beyond at the
same dose if the patient has active cancer or metastasis
or is undergoing continued chemotherapy, provided
there is no increased risk of bleeding. It is appropriate
to use vitamin K antagonists in patients for whom
access to DOACs or LMWH may be limited, such as
in low-resource settings or for prohibitive copay costs.
Treatment recommendations from various guidelines
are summarized in Table 1.11:2759-4

Il SPECIAL CONSIDERATIONS IN TREATMENT

Incidental pulmonary embolism

Treatment is recommended for all incidental VTE
(pulmonary embolism, deep vein thrombosis, multiple
subsegmental pulmonary embolism).!! The American
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Risk factors for bleeding
Renal insufficiency (creatinine clearance < 30 mL/min)
Severe thrombocytopenia (< 50 x 10%/L)
Drug-drug interactions for DOACs
Upper-gastrointestinal malignancy with intact primary tumor

DOACs
 Edoxaban: LMWH for 5 days, |

LMWH

| ® Enoxaparin: 1 mg/kg every

followed by edoxaban 60 mg No
once daily

e Rivaroxaban: 15 mg twice
a day for 3 weeks, followed by
20 mg once daily

e Apixaban: 10 mg twice a day
for 7 days, followed by 5 mg
twice daily

Yes 12 hours or 1.5 mg/kg daily,
subcutaneously

e Dalteparin: 200 1U/kg daily
for 1 month, followed by
150 IU/kg daily,
subcutaneously

Duration

Continue anticoagulation for a minimum of 6 months; continue beyond
6 months if the patient has active cancer or metastasis or is undergoing
continued systemic therapy, provided there is no increased risk of bleeding

Figure 1. Approach to the treatment of acute venous thromboembolism in patients with cancer.

DOACs = direct oral anticoagulants; LMWH = low-molecular-weight heparin

Society of Hematology recommends short-term anti-
coagulation for 3 to 6 months for incidental pulmo-
nary embolism in patients with cancer compared with
observation alone.!! However, isolated subsegmental
pulmonary embolism can be observed on a case-by-case
basis without anticoagulant therapy in the absence
of ultrasonography-detected lower-limb deep vein
thrombosis. '

[t is our practice to screen for lower-extremity deep
vein thrombosis in the presence of isolated subseg-
mental pulmonary embolism before deciding about
anticoagulation. The decision to start anticoagulation
for incidental visceral vein thrombosis must be based
on diagnostic certainty, chronicity, extent of thrombus,

Data from references 11,16,32,36,39-43.

bleeding risk, and patient preference, but the certainty
of evidence is very low.!

Recurrence during anticoagulation

Patient adherence, medication dosage, and the prob-
ability of heparin-induced thrombocytopenia must be
correctly assessed if a patient develops recurrent VTE
while on anticoagulation. These patients should be
transitioned to a therapeutic dose of LMWH if on other
anticoagulants, and their dose should be increased by
25% if LMWH was being used at a therapeutic dosage
at the time of VTE.!** If the patient continues to expe-
rience recurrent thromboses, a further dose increase
can be considered.*” In the rare case of anticoagulation
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TABLE 1

Guidelines for treatment of venous thrombhoembolism (VTE) in patients with cancer

Guidelines

Drugs

Treatment

American Society
of Clinical Oncology

International Society

on Thrombosis and
Haemostasis

International Initiative on

Thrombosis and Cancer

American Society

of Hematology

LMWH, fondaparinux,
rivaroxaban, edoxaban,
vitamin K antagonists

Initial (5-10 days): If parenteral anticoagulation used, LMWH preferred over
unfractionated heparin

Long-term (at least 6 months): LMWH, rivaroxaban, edoxaban

DOACs: Caution with mucosal abnormalities, gastrointestinal and genitourinary
cancers

Vitamin K antagonists: If DOACs or LMWH unavailable

Continue anticoagulation (beyond 6 months) in patients with active cancer
such as metastatic disease, ongoing chemotherapy

Edoxaban, rivaroxaban,
LMWH

DOACs: Acute VTE, low risk of bleeding and no drug interaction with ongoing
systemic therapy

LMWH/unfractionated heparin: Acute VTE, severe thrombocytopenia

Shared decision-making regarding reduction in recurrence of VTE compared
with higher bleeding risk with specific DOACs and patient preference

“I_HI‘\)I'W‘I:I',‘Hé't‘ioxaban,

rivaroxaban, apixaban

Initial treatment: LMWH recommended over unfractionated heparin or
fondaparinux, DOACs as alternative

Early maintenance (6 months): LMWH preferred over vitamin K antagonists
Caution with DOACs in patients with gastrointestinal malignancy

Long-term maintenance (beyond 6 months): Evaluate based on benefit-risk
ratio, tolerability, and patient preference

LMWH, apixaban,

rivaroxaban, edoxaban

Initial treatment (first week): LMWH or rivaroxaban or apixaban

Caution with DOACs in gastrointestinal malignancy, unfractionated heparin
preferred over LMWH in renal insufficiency, creatinine clearance < 30 mL/min

Short-term treatment (3—6 months): DOACs (apixaban, rivaroxaban, edoxaban)
preferred over LMWH

DOACs: Caution in patients with gastrointestinal cancers, bleeding risks, drug
interactions, cost

Vitamin K antagonists preferred in renal insufficiency

Long-term treatment (> 6 months): Recommended in patients with active
cancer and absence of contraindications, DOACs or LMWH

DOACs = direct oral anticoagulants; LMWH = low-molecular-weight heparin

failure or absolute contraindication to the use of anti-
coagulants (such as active bleeding), inferior vena cava
filters can be considered.'**# Retrievable filters are
preferred and should be removed once contraindica-
tions to anticoagulation are safely addressed.!!

Recurrence after stopping anticoagulation

As noted previously, anticoagulation must be resumed
and continued indefinitely in the presence of risk fac-
tors such as active malignancy (ie, ongoing systemic
therapy or metastatic disease), if there are no concerns
for major bleeding risks.!'"*"*** Recurrent VTE after
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Data from references 11,27,39-43.

cancer treatment should prompt evaluation for cancer
recurrence or a new primary malignancy. DOACs or

LMWH can be used and dose-adjusted based on bleed-
ing risk for primary VTE.

Thrombocytopenia

Thrombocytopenia, defined as platelet count less
than 100 x 10%/L,!® can be the result of underlying
malignancy or treatment with various chemothera-
peutic agents. It is challenging to balance the risk of
thrombosis and the risk of hemorrhage when managing
patients with cancer and thrombocytopenia.'* LMWH
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is preferred in patients with thrombocytopenia, and
studies are lacking regarding the safety of DOACs in
such conditions. Samuelson Bannow et al* reviewed
studies involving 121 patients and found that pro-
longed thrombocytopenia increased recurrent VTE
in patients with cancer. Further, they suggested that
DOACs may not be appropriate for these patients,
that unfractionated heparin is considered a reasonable
alternative in certain settings, and that therapeutic or
reduced-dose LMWH anticoagulation is an option.*
There was no significant difference in outcomes of
recurrent VTE between the 2 treatment strategies, ie,
therapeutic anticoagulation with platelet transfusion
support or dose-modified anticoagulation if platelet
counts were less than 50 x 10°/L.#

With the risk of recurrent VTE highest within
the first 30 days, full-dose anticoagulation for patients
with platelet counts greater than 50 x 10°/L is rec-
ommended.” Patients with symptomatic segmental
or proximal pulmonary embolism, proximal deep vein
thrombosis, or history of recurrence should receive
therapeutic-dose anticoagulation with platelet transfu-
sion to maintain platelet counts above 40 to 50 x 10°/L.
Patients with incidental subsegmental pulmonary
embolism or distal deep vein thrombosis can receive
dose-modified anticoagulation (50% of the prophylac-
tic dose of LMWH) for platelet counts between 25 and
50 x 10°/L.#

After the initial 30-day period, a dose-modified
strategy is suggested for platelet counts between 25
and 50 x 10°/L.1¢## [f the platelet count drops below
25 x 10%/L, anticoagulation should be temporarily dis-
continued and then restarted once the count rises. Fur-
ther, an inferior vena cava filter can be considered only
for patients with contraindications to anticoagulants.

Renal insufficiency

Patients with creatinine clearance less than 30 mL/min
have been excluded from many randomized controlled
trials, leaving a lack of data on efficacy and safety of
DOAC:s and therefore raising concern. A post hoc
analysis of the CLOT trial showed a decreased rate of
recurrent VTE with LMWH compared with vitamin
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K antagonists (HR 0.15, 95% CI 0.03-0.65, P = .01),
but similar bleeding event rates for both treatments in
patients with cancer and renal insufficiency (P = .47).%
Unfractionated heparin is an alternative to LMWH in
patients with renal insufficiency.”

Distal deep vein thrombosis

VTE in veins distal to the popliteal vein (ie, the
peroneal, anterior tibial, and posterior tibial veins)
is considered distal deep vein thrombosis.* Studies
have shown that rates of bleeding and overall survival
are similar in patients with isolated distal deep vein
thrombosis and proximal deep vein thrombosis, and
thus a treatment strategy similar to that for proximal
deep vein thrombosis is recommended.*

I CONCLUSION AND FUTURE DIRECTIONS

VTE leads to a significant health burden in patients with
cancer. Anticoagulants such as DOACs and LMWH
are the mainstay of treatment. Factor XI inhibitors are
being developed in various settings for prevention and
treatment of VTE. Abelacimab, a monoclonal anti-
body that inhibits factor XI activation and activity, is
currently being studied in 2 randomized trials (ASTER
trial NCT05171049, Magnolia trial NCT051710075)
for treatment of acute VTE in patients with active
cancer.*’ Overall, drug development and treatment
options have increased in the past decade in this set-
ting, reducing the risk of recurrent VTE for patients
with cancer. Given these options, treatment needs to
be individualized for patients depending on the under-
lying malignancy burden, risk of bleeding, and patient
preferences and values. |

Acknowledgments: Dr. Khorana acknowledges research support from the
National Heart, Lung, and Blood Institute (U0THL143402, ROTHL164516)
and the Sondra and Stephen Hardis Chair in Oncology Research.

Il DISCLOSURES

Dr. Khorana has disclosed consulting for Anthos, BMS, Bayer, Genzyme/
Sanofi, and Pfizer, Inc; and consulting research for Anthos as principal
or coinvestigator of funded research. The other author reports no rele-
vant financial relationships which, in the context of her contributions,
could be perceived as a potential conflict of interest.

3. Sharman Moser S, Spectre G, Raanani P, et al. Cancer-associated ve-
nous thromboembolism in Israel: incidence, risk factors, treatment,
and health care utilization in a population based cohort study. Res
Pract Thromb Haemost 2022; 6(4):e12653.
doi:10.1002/rth2.12653

4. Connolly GC, Dalal M, Lin J, Khorana AA. Incidence and predictors
of venous thromboembolism (VTE) among ambulatory patients with
lung cancer. Lung Cancer 2012; 78(3):253-258.
doi:10.1016/j.lungcan.2012.09.007

FEBRUARY 2024 115



VTE AND CANCER

20.

21.

22.

23.

24,

116 CLEVELAND CLINIC JOURNAL OF MEDICINE

. Khorana AA, McCrae KR, Milentijevic D, et al. Healthcare resource

utilization and costs associated with venous thromboembolism
recurrence in patients with cancer. J Med Econ 2020; 23(4):323-329.
doi:10.1080/13696998.2019.1703190

. Kim AS, Khorana AA, McCrae KR. Mechanisms and biomarkers of

cancer-associated thrombosis. Trans| Res 2020; 225:33-53.
doi:10.1016/j.trs|.2020.06.012

. Khorana AA, Mackman N, Falanga A, et al. Cancer-associated ve-

nous thromboembolism. Nat Rev Dis Primers 2022; 8(1):11.
doi:10.1038/s41572-022-00336-y

. Fernandes CJ, Morinaga LTK, Alves JL Jr, et al. Cancer-associat-

ed thrombosis: the when, how and why. Eur Respir Rev 2019;
28(151):180119. doi:10.1183/16000617.0119-2018

. Hisada Y, Mackman N. Cancer cell-derived tissue factor-positive ex-

tracellular vesicles: biomarkers of thrombosis and survival. Curr Opin
Hematol 2019; 26(5):349-356. doi:10.1097/MOH.0000000000000521

. Hisada Y, Mackman N. Cancer-associated pathways and biomarkers

of venous thrombosis. Blood 2017; 130(13):1499-1506.
doi:10.1182/blood-2017-03-743211

. Lyman GH, Carrier M, Ay C, et al. American Society of Hematology

2021 guidelines for management of venous thromboembolism:
prevention and treatment in patients with cancer [published
correction appears in Blood Adv 2021; 5(7):1953]. Blood Adv 2021;
5(4):927-974. doi:10.1182/bloodadvances.2020003442

. Patel HK, Khorana AA. Anticoagulation in cancer patients: a

summary of pitfalls to avoid. Curr Oncol Rep 2019; 21(2):18.
doi:10.1007/s11912-019-0767-5

. Mukai M, Oka T. Mechanism and management of cancer-associated

thrombosis. J Cardiol 2018; 72(2):89-93. doi:10.1016/}.jjcc.2018.02.011

. Gervaso L, Dave H, Khorana AA. Venous and arterial thromboem-

bolism in patients with cancer: JACC: CardioOncology state-of-the-
art review. JACC CardioOncol 2021; 3(2):173-190.
doi:10.1016/j.jaccao.2021.03.001

. Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Malignancies,

prothrombotic mutations, and the risk of venous thrombosis. JAMA
2005; 293(6):715-722. doi:10.1001/jama.293.6.715

. Khorana AA, Connolly GC. Assessing risk of venous thromboembo-

lism in the patient with cancer. J Clin Oncol 2009; 27(29):4839-4847.
doi:10.1200/JC0.2009.22.3271

. Louzada ML, Carrier M, Lazo-Langner A, et al. Development of a

clinical prediction rule for risk stratification of recurrent venous
thromboembolism in patients with cancer-associated venous throm-
boembolism. Circulation 2012; 126(4):448-454.
doi:10.1161/CIRCULATIONAHA.111.051920

. Trujillo-Santos J, Nieto JA, Tiberio G, et al. Predicting recurrences

or major bleeding in cancer patients with venous thromboem-
bolism. Findings from the RIETE Registry. Thromb Haemost 2008;
100(3):435-439. pmid:18766259

. Donadini MP, Ageno W. Unusual site thrombosis. Semin Hematol

2011; 48(4):264-270. doi:10.1053/j.seminhematol.2011.08.005

Silvis SM, Middeldorp S, Zuurbier SM, Cannegieter SC, Coutinho
JM. Risk factors for cerebral venous thrombosis. Semin Thromb
Hemost 2016; 42(6):622-631. doi:10.1055/5-0036-1584132

Heil J, Miesbach W, Vogl T, Bechstein WO, Reinisch A. Deep

vein thrombosis of the upper extremity. Dtsch Arztebl Int 2017;
114(14):244-249. doi:10.3238/arztebl.2017.0244

Lecumberri R, Ruiz-Artacho P, Tzoran |, et al. Outcome of can-
cer-associated venous thromboembolism is more favorable

among patients with hematologic malignancies than in those

with solid tumors. Thromb Haemost 2022; 122(9):1594-1602.
doi:10.1055/a-1777-4006

Moore RA, Adel N, Riedel E, et al. High incidence of thromboem-
bolic events in patients treated with cisplatin-based chemotherapy:
a large retrospective analysis. J Clin Oncol 2011; 29(25):3466-3473.
doi:10.1200/JC0O.2011.35.5669

Singh R, Sousou T, Mohile S, Khorana AA. High rates of symptomat-
ic and incidental thromboembolic events in gastrointestinal cancer
patients. J Thromb Haemost 2010; 8(8):1879-1881.
doi:10.1111/j.1538-7836.2010.03929.x

VOLUME 91

e NUMBER 2

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Carrier M, Le Gal G, Wells PS, Fergusson D, Ramsay T, Rodger MA.
Systematic review: the Trousseau syndrome revisited: should we
screen extensively for cancer in patients with venous thromboem-
bolism? Ann Intern Med 2008; 149(5):323-333.
doi:10.7326/0003-4819-149-5-200809020-00007

Lee A. VTE in patients with cancer—diagnosis, prevention, and
treatment. Thromb Res 2008; 123 (suppl 1):550-S54.
doi:10.1016/j.thromres.2008.08.017

Randel A. Diagnosing VTE: guidelines from the American Society of
Hematology. Am Fam Physician 2019; 100(11):716-717. pmid:31790178
Di Nisio M, Carrier M. Incidental venous thromboembolism: is anti-
coagulation indicated? Hematology Am Soc Hematol Educ Program
2017; 2017(1):121-127. doi:10.1182/asheducation-2017.1.121

Meyer HJ, Wienke A, Surov A. Incidental pulmonary embolism in
oncologic patients-a systematic review and meta-analysis. Support
Care Cancer 2021; 29(3):1293-1302. doi:10.1007/s00520-020-05601-y
Lee AY, Levine MN, Baker R, et al. Low-molecular-weight heparin
versus a coumarin for the prevention of recurrent venous thrombo-
embolism in patients with cancer. N Engl J Med 2003; 349(2):146-
153. doi:10.1056/NEJM0a025313

Lee AYY, Kamphuisen PW, Meyer G, et al. Tinzaparin vs warfarin
for treatment of acute venous thromboembolism in patients with
active cancer: a randomized clinical trial [published correction
appears in JAMA 2017; 318(20):2048]. JAMA 2015; 314(7):677-686.
doi:10.1001/jama.2015.9243

Mosarla RC, Vaduganathan M, Qamar A, Moslehi J, Piazza G, Giug-
liano RP. Anticoagulation strategies in patients with cancer: JACC
review topic of the week. J Am Coll Cardiol 2019; 73(11):1336-1349.
doi:10.1016/j.jacc.2019.01.017

Raskob GE, van Es N, Verhamme P, et al. Edoxaban for the treat-
ment of cancer-associated venous thromboembolism. N Engl J Med
2018; 378(7):615-624. doi:10.1056/NEJMoa1711948

Young AM, Marshall A, Thirlwall J, et al. Comparison of an oral fac-
tor Xa inhibitor with low molecular weight heparin in patients with
cancer with venous thromboembolism: results of a randomized trial
(SELECT-D). J Clin Oncol 2018; 36(20):2017-2023.
doi:10.1200/JC0O.2018.78.8034

Agnelli G, Becattini C, Meyer G, et al. Apixaban for the treatment
of venous thromboembolism associated with cancer. N Engl J Med
2020; 382(17):1599-1607. doi:10.1056/NEJMoa1915103

Giustozzi M, Agnelli G, Del Toro-Cervera J, et al. Direct oral antico-
agulants for the treatment of acute venous thromboembolism asso-
ciated with cancer: a systematic review and meta-analysis. Thromb
Haemost 2020; 120(7):1128-1136. doi:10.1055/s-0040-1712098

Ay C, Beyer-Westendorf J, Pabinger I. Treatment of cancer-associ-
ated venous thromboembolism in the age of direct oral anticoagu-
lants. Ann Oncol 2019; 30(6):897-907. doi:10.1093/annonc/mdz111
National Comprehensive Cancer Network. NCCN Clinical Practice
Guidelines in Oncology (NCCN Guidelines): venous thromboembolic
disease. http://www.nccn.org/professionals/physician_gls/pdf/ivte.pdf
Accessed December 5, 2023.

Key NS, Khorana AA, Kuderer NM, et al. Venous thromboem-
bolism prophylaxis and treatment in patients with cancer: ASCO
clinical practice guideline update. J Clin Oncol 2020; 38(5):496-520.
doi:10.1200/JC0O.19.01461

Khorana AA, Noble S, Lee AYY, et al. Role of direct oral anticoagu-
lants in the treatment of cancer-associated venous thromboembo-
lism: guidance from the SSC of the ISTH. J Thromb Haemost 2018;
16(9):1891-1894. doi:10.1111/jth.14219

Farge D, Frere C, Connors JM, et al. 2019 international clinical
practice guidelines for the treatment and prophylaxis of venous
thromboembolism in patients with cancer. Lancet Oncol 2019;
20(10):e566-e581. doi:10.1016/51470-2045(19)30336-5

Carrier M, Khorana AA, Zwicker JI, Noble S, Lee AY; Subcommittee
on Haemostasis and Malignancy for the SSC of the ISTH. Man-
agement of challenging cases of patients with cancer-associated
thrombosis including recurrent thrombosis and bleeding: guidance
from the SSC of the ISTH: a reply to a rebuttal. J Thromb Haemost
2014; 12(1):116-117. doi:10.1111/jth.12444

FEBRUARY 2024



DAVE AND KHORANA

43. Samuelson Bannow BT, Lee A, Khorana AA, et al. Management 46. Poudel SK, Park DY, Jia X, et al. Clinical outcomes of isolated distal
of cancer-associated thrombosis in patients with thrombocytope- deep vein thrombosis versus proximal venous thromboembolism
nia: guidance from the SSC of the ISTH. J Thromb Haemost 2018; in cancer patients: the Cleveland Clinic experience. J Thromb
16(6):1246-1249. doi:10.1111/jth.14015 Haemost 2020; 18(3):651-659.

44. Samuelson Bannow BR, Lee AYY, Khorana AA, et al. Management doi:10.1111/jth.14700
of anticoagulation for cancer-associated thrombosis in patients 47. Wang TF, Khorana AA, Agnelli G, et al. Treatment of cancer-as-
with thrombocytopenia: a systematic review. Res Pract Thromb sociated thrombosis: recent advances, unmet needs, and future
Haemost 2018; 2(4):664-669. doi:10.1002/rth2.12111 direction. Oncologist 2023; 28(7):555-564.

45. Woodruff S, Feugére G, Abreu P, Heissler J, Ruiz MT, Jen F. A post doi:10.1093/oncolo/oyad116
hoc analysis of dalteparin versus oral anticoagulant (VKA) Therapy .ot sasasses et sesssasssassasassasasnae o
for the prevention of recurrent venous thromboembolism (rVTE) in Address: Alok A. Khorana, MD, FACP FASCO, Department of Hematol-
patients with cancer and renal impairment. J Thromb Thrombolysis ogy and Medical Oncology, CA60, Cleveland Clinic, 9500 Euclid Avenue,
2016; 42(4):494-504. doi:10.1007/s11239-016-1386-8 Cleveland, OH; khorana@ccf.org

Gout GOUT
&ll“\ Eof it & :kapscmums

Society NETWORK

Formead in September 2005, the Gout Education Saciety |s

a 5003 nonprofit orgamization of healthcare professionals
dedicated to educating the public and healthcare commumnity
about gout. To increase access to education, improve cwarall
quality ol care and minimiza the burden af gout, the Goul
Education Sociely offers complimentary resources Tor both
the publle and medical professionals.

1355 ]

To further increase access to specialized care, the Gowut Education
Society offers a Gout Spacialists Metwark (GSM). The G5M serves
a% & locator toal o haedp thase wha have gaul, and othar samarbid
conditions, to find the right medical prafessionals rear therm. You
camn find more infarmation on the G5M by following the QR code.

CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 91 e NUMBER 2 FEBRUARY 2024 117



CORRECTION

In the January 2024 issue, the article on SGLT-2 inhibi-
tors by Badwan OZ, Braghieri L, Skoza W, Agrawal
A, Menon V, and Tang WHW, When should we
consider SGLT-2 inhibitors in patients with acute
decompensated heart failure? [Cleve Clin ] Med 2024;

91(1):47-51. doi:10.3949/ccjm.91a.23034] contained
an error in Figure 1. The dosage of empagliflozin was
given as 10-25 mg twice daily. The correct dosage is
10-25 mg once daily. The corrected version appears
below:

Patient hospitalized with
acute decompensated heart failure

v

Assess volume status, blood pressure,
and renal function

!

contraindications

Hypotension (SBP < 90 mm Hg)
Acute kidney injury or

eGFR < 20-252 mL/min/1.73 m?
NT-proBNP < 300 pg/mL
Dehydrating illness or clear

Yej/\l\lo

Do not initiate SGLT-2 inhibitor

On an SGLT-2 inhibitor before admission?

Yes

Continue SGLT-2 inhibitor

'No

Start an SGLT-2 inhibitor at heart failure
study dose®:

Empagliflozin 10-25 mg once daily
Dapagliflozin 10 mg once daily
Sotagliflozin 200-400 mg once daily

7]

Follow up in clinic in 2-4 weeks with repeat
renal function panel

\ 4

At baseline eGFR or < 30% reduction?

Hold SGLT-2 inhibitor, assess alternative
causes of worsening nephropathy,
and treat if present

N o) /\Yes

Gontinue or resume SGLT-2 inhibitoD

Figure 1. Proposed algorithm for initiating sodium-glucose cotransporter 2 inhibitors in acute decompen-

sated heart failure.

2Dapagliflozin: No dosage adjustment for eGFR > 25 mL/min/1.73 m?. Manufacturer labeling does not recommend initiation of therapy at eGFR < 25 mL/min/1.73 m2.
Sotagliflozin is not indicated for patients with eGFR < 25 mL/min/1.73 m?. For heart failure, empagliflozin is not indicated for eGFR < 20 mL/min/1.73 mZ. For type 2

diabetes mellitus, empagliflozin is not indicated for eGFR < 30 mL/min/1.73 m2.

®Direct evidence on the effects of canagliflozin and ertugliflozin on heart failure outcomes is available only in patients with type 2 diabetes mellitus. It remains to be

determined if they have similar effects in patients without type 2 diabetes.

eGFR = estimated glomerular filtration rate; NT-proBNP = N-terminal pro-B-type natriuretic peptide; SBP = systolic blood pressure;

SGLT-2 = sodium-glucose cotransporter 2
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von Willebrand disease:
A guide for the internist

ABSTRACT

von Willebrand disease (VWD), the most common inher-
ited bleeding disorder, results when patients either do
not make enough von Willebrand factor (VWF) or make
defective VWF. The pathophysiology of this disorder is
complex but needs to be understood to interpret the
diagnostic tests. Most patients have mild to moderate
symptoms and can be adequately counseled and man-
aged by a general internist, but some need to consult a
hematologist. We review the pathophysiology of VWD, its
subtypes, common presentations of each subtype, diag-
nostic testing, and management of mild as well as severe
clinical manifestations of VWD.

KEY POINTS

VWD is seen in both inpatients and outpatients. Most
patients present with mild to moderate bleeding symp-
toms and can be adequately managed by a general
internist, but in some cases referral to a specialist should
be considered.

Specialized diagnostic tests are difficult to interpret and
require knowledge of the underlying mechanisms of VWD
and its various subtypes.

Treatment of VWD should be tailored to the acuity and
severity of the clinical presentation.

doi:10.3949/ccjm.91a.22033
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ON WILLEBRAND DISEASE (VWD) is an inher-
Vited bleeding disorder caused by low levels
of or defects in von Willebrand factor (VWEF), a
key molecule in clotting. It is the most common
inherited bleeding disorder and is estimated to
affect approximately 1% of the general popu-
lation.! However, only some of those affected
ultimately develop clinically significant disease,
and many never receive a formal diagnosis.
VWD occurs with equal frequency in men
and women, although women are more likely
to experience symptoms because of increased
bleeding during menstruation and pregnancy
and after childbirth.?

Acquired von Willebrand syndrome is much
rarer and occurs when secondary processes lead
to a functional impairment of VWE? by either
decreasing its quantity or interfering with
the hemostatic pathway. Its exact incidence
is unknown, but it has been associated with
several disease states, including autoimmune
disease, hematologic malignancies, solid tumors,
metallic heart valves, and high-vascular flow
states, such as in patients with ventricular assist
devices or receiving extracorporeal membrane
oxygenation.*’

Clinical presentations of both acquired and
inherited VWD can range from mild muco-
cutaneous bleeding to severe subcutaneous
or intra-articular bleeding. Its diagnosis and
management rely on taking an accurate history
and interpreting complex diagnostic tests.

This review discusses in detail the clinical,
diagnostic, and management considerations
for VWD and its various subtypes.
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TABLE 1
International Society of Thrombosis and Haemostasis classification of von Willebrand disease
Type VWD type 1 : VWD type 2 VWD type 3
Subtype Classic 1C 2A 2B 2M 2N
Frequency Common (70% of cases) Uncommon (25% of cases) Rare (5% of cases)
Pathophysiology ~ Mutations result in partial quantitative : Qualitative defects in VWF Almost complete

deficiency of functionally normal VWF quantitative
Specific Decreased Increased i Mutations Mutations Mutations Mutation in
mechanism synthesis of VWF  clearance of  result in fewer increase affinity  decrease affinity ~ factor VIlI

due to various available VWF in  glycoprotein Ib of glycoprotein of glycoprotein Ib  binding site

genetic mutations  circulation binding sites and  Ib binding site site or decrease  decreases :

: less effective and clearance of  VWF-collagen affinity of VWF
: platelet clot high-molecular-  interaction for factor VIII
formation weight multimers

Inheritance Autosomal Autosomal . Autosomal Autosomal Autosomal Autosomal Autosomal

dominant dominant i dominant dominant dominant recessive | recessive
Clinical Mild to moderate ~ Mild to moderate : Moderate Moderate Severe Hemophilia- Severe
phenotype mucocutaneous mucocutaneous  ; to severe to severe mucocutaneous  like bleeding  : mucocutaneous

bleeding bleeding i mucocutaneous  mucocutaneous  bleeding i and hemophilia-

bleeding bleeding like bleeding

Response to Very effective in Used to diagnose : May respond to ~ Desmopressin May respond to  May respond Recommend
desmopressin treating minor type 1C(>30% : desmopressin usually desmopressin to depression | avoiding

bleeding episodes

decrease in VWF
4 hours after

Recommend

contraindicated

¢ desmopressin

infusion) challenge before
i therapeutic

Ineffective in administration

treatment of

type 1CVWD

due to thrombo- ~ Recommend Recommend

cytopenia challenge before  challenge
therapeutic before
administration therapeutic

administration

VWD = von Willebrand disease; VWF = von Willebrand factor

I VWF IS KEY IN CLOTTING

VWEF is a glycoprotein synthesized by megakaryocytes
and endothelial cells. A disintegrin and metallo-
protease with thrombospondin type 1 motif, member
13 (ADAMTS-13) modulates VWF by binding the
“ultra-large” VWF multimers initially released from
these cells and cleaving them into the normal-sized
multimers observed in circulation. High-molecu-
lar-weight multimers are hemostatically the most
effective conformation of VWF and are elevated in
ADAMTS-13 deficiency, leading to formation of plate-
let thrombi. However, the VWF monomer is the major
circulating form and has multiple domains that bind
platelets, collagen, and factor VIII.

VWEF plays an important role in clotting by binding
platelets and subendothelial collagen, aiding in forming
an initial platelet plug at the site of endothelial injury.
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Data adapted from reference 13.

Additionally, it binds and stabilizes coagulation factor
VIII, which can activate the coagulation cascade at
the site of endothelial injury and result in fibrin clot
formation.®°

VWD occurs when a quantitative or qualitative
abnormality of VWF leads to defects in primary hemo-
stasis and, depending on the type and severity, to a
subsequent factor VIII deficiency similar to hemophilia.

I SEVERITY VARIES

Patients with VWD classically present with mild to
moderate mucocutaneous bleeding, eg, epistaxis, gingi-
val bleeding, excessive bleeding after dental extractions
or minor wounds, easy bruising, abnormal postsurgical
or postpartum bleeding, or menorrhagia. However,
bleeding frequency and severity vary widely across
and even within VWD subtypes (see below). Some
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patients may bleed only with hemostatic challenges
such as trauma or surgery, while others may have severe
or spontaneous bleeding with minor provocation.!!!2

M THREE MAIN TYPES, SEVERAL SUBTYPES

The types and subtypes of inherited VWD recog-
nized by the International Society of Thrombosis and
Haemostasis (Table 1)% are briefly described below,
the better to understand the specialized tests done in
reference laboratories to diagnose them.

Type 1: Decreased production of VWF

Type 1 accounts for about 70% of all cases of VWD. It
is caused by a mutation in the VWF gene that leads to
not enough VWEF being synthesized, and classically pre-
sents as mild mucocutaneous bleeding.!* Most patients
have autosomal dominant missense mutations with
incomplete penetrance and variable expression.!>¢
The severity of bleeding is often inversely proportional

to the VWF level.

Type 1C: Increased clearance of VWF

Type 1C is a rare subset of type 1 in which there is not
enough VWF in circulation because more of it is being
cleared, as opposed to synthetic dysfunction.!?

Type 3: Total or near-total lack of VWF

Type 3 is the rarest and most severe type of VWD. As
in type 1, VWF levels are low, but there is a total or
near-total lack of the substance. It is typically inherited
in an autosomal recessive or compound heterozygous
pattern.'® Patients with type 3 VWD are prone to
severe bleeding that often mimics bleeding in hemo-
philia. Due to their lack of VWE these patients have
low factor VIII levels because factor VIII is not being
stabilized in plasma by VWEY

Type 2: Defective VWF variants

In contrast to patients with type 1, type 1C, or type 3
VWD, those with type 2 have normal levels of VWE
However, their VWF has a qualitative defect and does
not function as it should.

This is the second most common type of VWD, and
it is divided into 4 subtypes (2A, 2B, 2M, and 2N based
on the specific defect.”® All type 2 subtypes except for
2N have an autosomal dominant inheritance pattern.
Notably, type 2N VWD affects the factor VIII binding
site of VWF and causes a decrease in factor VIII levels
and severe bleeding patterns that mimic hemophilia.

Acquired von Willebrand syndrome
The clinical presentation of acquired von Willebrand
syndrome is similar to that of inherited VWD, but

patients do not have a family history of bleeding
tendencies.?! Several mechanisms exist, including
decreased production of VWF (eg, in hypothyroid-
ism), increased adsorption onto circulating cells
(eg, in chronic lymphocytic leukemia), increased
antibody-mediated clearance (eg, in lupus), high-flow
states leading to increased circulatory clearance of
VWEF (eg, in patients on left ventricular assist devices),
formation of complexes with circulating proteins (eg,
in monoclonal gammopathies), and shear destruction
(eg, in aortic stenosis).?>?

Heyde syndrome is a rare form of acquired von
Willebrand syndrome consisting of a triad of aortic
stenosis, recurrent gastrointestinal bleeding, and
acquired VWF deficiency resulting from destruction
of high-molecular-weight multimers of VWF under
shear stress due to aortic stenosis.>*

Il DIAGNOSTIC APPROACH

The diagnosis of VWD can be nuanced because the
clinical bleeding symptoms can vary, and specialized
laboratory tests can be difficult to interpret. The diag-
nosis relies on both thoroughly assessing the bleeding
and family history and accurately interpreting the test
results. The general approach includes a clinical bleed-
ing assessment, a preliminary laboratory evaluation, a
quantitative assessment of VWD levels, a qualitative
assessment of VWF function, and, if applicable, special-
ized tests to determine the subtype of VWD (Table 2).7

Clinical bleeding assessment

The first step is to obtain an accurate and detailed

history of bleeding in the patient and family mem-

bers. This includes age at symptom onset, frequency of
bleeding events, sites of bleeding, triggers for bleeding

(spontaneous or after invasive procedures or trauma),

exposure to medications associated with bleeding risk,

and transfusion history.

Bleeding assessment tools have been developed and
validated.”>?" The 2 most studied are the following:

e The International Society for Thrombosis and
Haemostasis Bleeding Score
(https://bleedingscore.certe.nl/)

® The Condensed Molecular and Clinical Markers
for the Diagnosis and Management of Type 1 VWD
Score (https://www.path.queensu.ca/labs/james/
bg.htm).

An objective, quantifiable assessment of bleeding
symptoms is certainly desirable, but numerous limita-
tions of these tools have been noted in practice: they
are time-intensive, they underdiagnose the disease in
younger patients, and they rely on prior exposure to
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TABLE 2
Diagnostic laboratory criteria for each type of von Willebrand disease
Type VWD type 1 VWD type 2 VWD type 3
Subtype Classic 1C 2A 2B 2M 2N
Ratio of VWF Normal (about 1) <06 Markedly low
activity to VWF : or undetectable
antigen i VWF activity and
antigen levels
Factor Vil levels  Normal or Normal or Normal or Normal or Normal or Moderately i Very low
mildly low mildly low mildly low mildly low mildly low low relative to
: VWF antigen
VWF multimer Full spectrum of Full spectrum of Absence of Absence of Normal multimer ~ Normal Minimal or
analysis multimers, but all  multimers, but all high- and high-molecular-  pattern multimer i complete absence
at low level at low level i intermediate- weight multimers pattern  of VWF multimers
{ molecular-weight 5
i multimers
Specific testing  None Elevated ratio of Genetic testing Increased Decreased Decreased None
to diagnose VWF propeptide ! ristocetin- ristocetin- binding of VWF
subtype to VWF antigen induced platelet  induced platelet  to factor VIII
aggregation aggregation
> 30% decrease Prolonged
in VWF 4 hours Sensitivity Low VWE- partial
after infusion of to low-dose collagen thromboplastin
desmopressin ristocetin binding capacity  time

Genetic testing Genetic testing Genetic testing :

VWD = von Willebrand disease; VWF = von Willebrand factor

hemostatic challenges such as trauma or surgery.?$?

While acknowledging these limitations, recent guide-
lines recommend using a bleeding-assessment tool rather
than a nonstandardized assessment in the primary care
setting to screen patients with a low probability of VWD
and to determine the need for specialized testing.”

Preliminary laboratory evaluation

Preliminary laboratory testing should include a complete
blood cell count, blood type and screen, prothrombin
time with international normalized ratio, and partial
thromboplastin time."”> While the results of these tests
are unremarkable in most forms of VWD, they help
to ascertain the extent of bleeding in the patient and
to distinguish VWD from other bleeding disorders. Of
note, thrombocytopenia may be observed in type 2B
VWD, and a prolonged partial thromboplastin time due
to reduced factor VIII may be seen in type 2N or type 3.

Specialized tests: preanalytic variables
Specialized tests for VWD require complex assays, and
many preanalytic variables can affect their precision
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Data adapted from reference 13.

and accuracy, including patient age, sex, race, blood
group, and comorbid conditions such as recent bleed-
ing, infection, hepatic dysfunction, inflammatory con-
ditions, and renal disease.™ It is essential to use proper
sample-collection technique and to avoid small-gauge
needles, prolonged tourniquet application, and inap-
propriate tube-filling to avoid abnormal results that
can be misinterpreted. It is generally recommended
that at least 2 separate sets of samples be obtained at
different times.

VWF antigen level
The next step is to measure the concentration of VWF
protein (antigen) with an immunologic assay, most
commonly an enzyme-linked immunosorbent assay or
latex-enhanced immunoassay.’’?* The normal range is
between 50 and 200 IU/dL. VWD is diagnosed if the
level is lower than 30 IU/dL, or if it is 30 to 50 IU/dL
with a positive bleeding history.?

The VWF antigen level can be affected by fac-
tors such as age, menstrual cycle, contraceptive use,
pregnancy, and comorbid conditions.** Of note, the
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blood type can drastically affect VWF antigen levels.
Specifically, patients with type O blood commonly
have approximately 25% lower VWF antigen levels
than those with type A.»

Ristocetin cofactor assay

This test evaluates platelet-dependent VWF activity
by assessing the ability of VWF to bind platelet glyco-
protein Ib in the presence of the antibiotic ristocetin.’®
The normal range is 50 to 200 IU/dL."

Although the ristocetin cofactor assay has been the
gold standard for measuring VWF binding to platelets
via glycoprotein Ib, several limitations have been
noted, including laboratory variability, error at lower
VWEF antigen levels (limit of detection 10 IU/dL), and
false-positive results associated with polymorphisms
commonly found in the general population.’® New
assays have been developed to address these deficien-
cies, including assays for glycoprotein IbR, glycoprotein
IbM, and VWF antibody. Some expert panels recom-
mend these new assays over the ristocetin cofactor
assay, but these are conditional recommendations based
on low levels of evidence.”

Ratio of VWF activity to VWF antigen

The VWF activity assay is a functional test that uses
either the ristocetin cofactor assay (described above)
or a monoclonal antibody that targets the region of
the VWF molecule that binds to the glycoprotein
Ib receptor as a measure of VWF activity. The VWF
activity-to-antigen ratio helps distinguish quantita-
tive vs qualitative deficiency of VWFE (VWD type 1 vs
type 2). In type 1 VWD, there is a concordant decrease
in both VWF activity and VWF antigen, leading to a
ratio greater than 0.7." Type 2 VWD is characterized
by a disproportionate reduction of VWF activity com-
pared with VWF antigen levels, leading to a ratio less
than 0.7. A notable exception is type 2N disease, in
which the ratio is greater than 0.7. However, the joint
guideline panel® gave this cutoff only a conditional
recommendation based on very low certainty in the
evidence from diagnostic studies.

VWF multimer analysis

This is a qualitative assessment of the size distribution of
VWEF multimers in plasma, which helps distinguish the
patient’s subtype of VWD. The ability of VWF to bind
platelets is related to size, with high-molecular-weight
multimers showing the greatest activity. Under normal
conditions, VWF multimers are distributed evenly
across the various sizes. In types 1, 2M, and 2N VWD,
all sizes of multimers are seen, while preferential loss
of high-molecular-weight multimers is seen in type 2A
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and type 2B. Type 3 VWD is characterized by almost
complete absence of VWF multimers.’™’

Factor VIII coagulant assay

The factor VIII coagulant assay is typically used in
patients with a substantial bleeding history that is sus-
picious for hemophilia. It is also integral to the workup
of VWD, as a low factor VIII level may be seen with
decreased or dysfunctional VWE which is needed to
stabilize factor VIII in plasma. In most types of VWD
(1, 2A, 2B, 2M), factor VIII activity is moderately
low. A more significant decrease in factor VIII activity
suggests type 2N (factor VIII activity 5%—15%) or type
3 VWD (factor VIII activity 1%-10%).%*

VWE-factor VIII binding assay

This is an enzyme-linked immunoassay that evaluates
the ability of VWF to bind recombinant factor VIII.
An abnormal result confirms type 2N VWD and helps
to distinguish it from hemophilia A.#!

Low-dose ristocetin-induced platelet aggregation
This assay also measures VWF’s affinity for the platelet
glycoprotein Ib receptor, but it uses less ristocetin than
the ristocetin cofactor assay by exposing platelet-rich
plasma from the patient to sequentially lower con-
centrations of ristocetin. Patients with type 2B VWD
(characterized by increased VWF binding to platelet
glycoprotein Ib) have platelet aggregation at much
lower ristocetin concentrations (< 0.6 mg/mL).">* This
assay is also unique in that it can be used to distinguish
type 2B VWD from a very rare platelet disorder known
as pseudo-type or platelet-type VWD.

VWEF-collagen binding capacity

This assay measures the ability of VWF to bind col-
lagen. Though less commonly used than other qual-
itative assays such as the ristocetin cofactor assay,
the VWF-collagen binding capacity can help iden-

tify 2M subtypes characterized by defective collagen
binding.?!#!

The VWF propeptide level, and the ratio of VWF
propeptide to VWF antigen
This test measures the propeptide of VWE which is
normally synthesized and released in a 1:1 ratio with
the VWF monomer.* Elevated VWF propeptide rela-
tive to VWF antigen suggests increased VWF clearance
(type 1C VWD) and helps to distinguish it from com-
plete quantitative deficiencies of VWF (type 3 VWD).
There has been a shift to using desmopressin chal-
lenge testing instead of the ratio of VWF propeptide
to VWF antigen for patients with suspected type 1C

FEBRUARY 2024 123



VON WILLEBRAND DISEASE

VWD. However, the guidelines give this a conditional
recommendation based on a low level of evidence.?®

Desmopressin challenge testing

Desmopressin promotes excretion of stored VWF from
endothelial cells into plasma. In desmopressin chal-
lenge testing, the VWF antigen, VWF activity, and
factor VIII levels are measured 1, 2, and 4 hours after
desmopressin administration.

An adequate increase in VWF antigen, ristocetin
cofactor, and factor VIII levels is seen in most cases
of type 1 VWD and in many of type 2. Conversely, in
type 2N disease, an initial adequate response is seen but
is not appropriately sustained in duration (< 4 hours)
because of the increased clearance of factor VIII owing
to the impaired stabilization function of VWE

Desmopressin challenge testing can also be used to
diagnose type 1C VWD, as a greater than 30% decrease
in VWF from peak concentrations measured 4 hours
after the infusion indicates increased VWF clearance,
compatible with type 1C VWD.

Of note, desmopressin is contraindicated if type
2B VWD is suspected, as released VWF binds cir-
culating platelets in type 2B, thereby worsening
thrombocytopenia.***

Genetic testing

Genotyping is not required to diagnose VWD and is
done only in select clinical scenarios. Genetic analysis
in VWD is complicated by the large size and incom-
plete characterization of the VWF gene as well as by
significant genotypic and phenotypic variability. It is
not widely available for types 1 and 3 VWD, and it
is most useful for diagnosing type 2. Genotyping may
be helpful in confirming VWD subtypes (including
type 2B, 2M, and 2N disease) when results might affect
therapeutic decisions.’'* Genetic testing may also be
used to screen potential carriers of autosomal recessive

forms of VWD.?°

Il TREATMENT

We recommend the following approach when treating
a bleeding patient with VWD, depending on the acuity
and severity of the clinical presentation.

Referral to a hematologist

Though mild forms of VWD can be managed in the

primary care setting, several situations may warrant

referral to a hematologist or a center with expertise

in VWD:

¢ An abnormal score on a bleeding assessment tool
or positive family history
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Testing is not available, or results are needed quickly
When testing provides results that are borderline,
difficult to interpret, or positive for type 2 or type
3 VWD
e Persons with type 1 VWD with a bleeding history,
or those with VWD undergoing a hemostatic chal-
lenge (ie, major surgery).
Most cases of VWD can be adequately comanaged
by primary care physicians with the following treat-
ment strategies.

I TREATING MINOR BLEEDING

Local therapies

For minor nasal or oral bleeding, prolonged local
pressure can be attempted as a first measure. Topical
agents including topical human thrombin, micronized

collagen, and fibrin sealants can also be used to control
bleeding. 044

Antifibrinolytic agents
When topical agents are ineffective or not practical,
antifibrinolytic agents are typically the next-line
treatment for minor bleeding in VWD.* These drugs
inhibit the enzymatic breakdown of fibrin, which cross-
links and strengthens clots. Most commonly used are
tranexamic acid and epsilon-aminocaproic acid.
These agents are particularly useful in muco-
cutaneous bleeding including epistaxis, oral bleeding,
menstrual bleeding, and postpartum bleeding. They
are safe to use in all forms of VWD. Tranexamic acid
can be given as an oral capsule, mouthwash, or intra-
venously, and may be used alone or in combination
with desmopressin or VWF-containing products.*
Antifibrinolytics should be avoided in patients with a
history of thromboembolic disease or significant hema-
turia due to the risk of clot formation and subsequent
urinary obstruction.*

Desmopressin

Desmopressin is a synthetic derivative of antidiuretic
hormone that is useful in treating bleeding episodes
in patients with type 1 VWD.* It works by inducing
the release of endogenous VWF from endothelial cells
through agonist activity at vasopressin 2 receptors.
Desmopressin is readily available and inexpensive
and can be given intranasally, subcutaneously, or
intravenously.

Desmopressin is most effective in patients with
type 1 VWD but is generally avoided in most patients
with types 1C, 2, and 3. A desmopressin challenge
should be performed in patients with a history of mild
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or moderate bleeding and a diagnosis of VWD to con-
firm its effectiveness as a potential therapy.

Adverse effects of desmopressin include hypo-
natremia, headache, vasodilation, hypotension, tachy-
cardia, flushing, and, rarely, thrombosis.**” Another
important clinical consideration when using desmo-
pressin is tachyphylaxis, which develops within a few
days due to depletion of VWF stores.* Desmopressin
should be avoided in cases of serious or life-threatening
bleeding, as the transient increase in VWF in response
to desmopressin is generally insufficient to achieve
adequate hemostasis.

Other considerations. Medications that affect
platelet function, such as aspirin and nonsteroidal

anti-inflammatory drugs, should be avoided in patients
with VWD and a history of bleeding.

I MAJOR BLEEDING

Patients with severe bleeding or those with mild or
moderate VWD undergoing major surgery will not
achieve sufficient hemostasis with the aforementioned
supportive therapies and should always be comanaged
with a hematologist. These patients require exogenous
replacement of VWF using plasma-derived or recom-
binant VWF products. As VWF causes an increase in
factor VIII levels, separate factor VIII infusions may
not be required depending on the subtype of VWD
and the specific treatment used.

These 2 types of VWF products have never been
compared head-to-head, though cross-trial compar-
isons of efficacy and safety do not show appreciable
differences.”® The decision on which product to use is
often based on availability and cost.

Plasma-derived VWF

The 3 plasma-derived VWF products approved in the
United States—Humate-P, Alphanate, and Wilate—
all contain VWF and factor VIII, but at different ratios.
Plasma-derived products almost devoid of factor VIII
(Wilfactin, Willfact) are available in Europe but not
in the United States.

The package inserts for each product provide guid-
ance for dosing. The target VWF level depends on the
severity of bleeding if given for trauma, or the com-
plexity of surgery if being used for surgical prophylaxis.
In general, replacement is provided to initially reach
a peak VWF activity level of 100 IU/dL with a trough
of 50 IU/dL. Maintenance doses are then provided for
3 to 7 days depending on the amount of bleeding and
patient response.*

An important consideration: because plasma-
derived VWF products contain factor VIII, separate
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infusions of factor VIII are generally not required.
Repeated dosing may lead to significant elevations of
factor VIII (especially for products with a lower VWE-
to-factor VIII ratio) and increased risk of thrombosis.*’
The incidence of thrombosis is thought to be relatively
small and can be mitigated by closely monitoring factor
VIII levels during therapy, with the goal of avoiding
factor VIII levels above 150 U/dL.>°

Recombinant VWF
The first recombinant VWF was approved for adult
patients in the United States in 2015 after publica-
tion of a landmark phase 3 trial in which it achieved
excellent hemostatic efficacy in 97% of bleeding
episodes.’®>? This product contains ultra-large high-
molecular-weight multimers, which are the most active
form of VWF in attaining primary hemostasis.
Though recombinant VWF replacement will cause
a delayed increase in endogenous factor VIII levels, the
products themselves are almost devoid of factor VIII.*>
Therefore, factor VIII is often given with recombinant
VWEF to achieve hemostasis more rapidly, particularly
in VWD subtypes with very low endogenous factor VIII
levels (types 2N, 3, and severe type 1).

M PERIOPERATIVE MANAGEMENT

Careful risk stratification and perioperative manage-
ment of patients with VWD is required to minimize
bleeding risk. Risk stratification depends on the nature
of the surgery, the severity of the patient’s bleeding
history, baseline plasma VWF levels, and responses
to previous hemostatic challenges. We recommend a
multidisciplinary discussion between the hematology
consultant, surgical team, and patient before undertak-
ing a surgical procedure, especially in the case of major
surgery or severe VWD.

Consensus is still lacking as to the therapeutic target
and assays to be monitored for in the postoperative
period. In general, hemostatic levels are maintained
until bleeding risk abates (usually 3 to 5 days), depend-
ing on the nature of the surgery and the patient’s spe-
cific phenotype. As a general principle, for emergency
surgery, VWF and factor VIII are given together, and
for elective surgery, early infusion of VWF replacement
therapy alone is sufficient.

I TAKE-HOME POINTS

e Despite recent advances, the diagnosis and man-
agement of VWD remain challenging.

e A thorough patient history and bleeding assessment
are required for prompt diagnosis of VWD.
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Diagnostic testing is crucial to distinguish VWD
from other bleeding disorders such as mild factor
VIII deficiency and inherited platelet disorders.
An understanding of the complex pathophysi-
ology and diagnostic testing of VWD can aid in
timely diagnosis and referral to a hematologist.
Such referral should be considered based on
severity of bleeding symptoms, type of VWD,
and upcoming hemostatic challenges.
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Treatment of acute bleeding events associated
with VWD should be tailored to the acuity
and severity of the specific patient’s clinical
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