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Abstract

Polycythemia vera (PV) is a BCR-ABL-negative myeloproliferative neoplasm marked by acquisition of an activating mutation of
JAK2, which leads to not only erythrocytosis but also frequently to leukocytosis and thrombocytosis, and is associated with a high
symptom burden and increased thrombotic risk. PV has the potential to progress to myelofibrosis or an aggressive form of acute
myeloid leukemia. Mutational profiling of patients with PV has led to the development of risk stratification tools to determine

an individual’s risk of developing progressive disease. Although the current goals of PV treatment are to alleviate symptoms and
reduce thrombotic risk, there are growing efforts to identify disease-modifying agents which will also prevent progression of
disease. Here, we give an overview of the developing prognostic tools and therapeutic landscape for PV, focusing on four drug

classes: pegylated interferon-alpha 2, MDM2 antagonists, hepcidin mimetics, and histone deacetylase inhibitors.
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Introduction

Polycythemia vera (PV) belongs to a group of chronic
hematologic malignancies known as BCR-ABL-negative
myeloproliferative neoplasms (MPNs). These diseases arise
from a malignant hematopoietic clone gaining proliferative
advantage over normal hematopoietic stem cells. Erythrocy-
tosis is the defining feature in PV; however, owing to the driver
lesion in the Janus-activated kinase 2 (JAK2) gene occurring
at the hematopoietic stem cell level, multilineage involve-
ment can result, leading to an overproduction of red cells, white
cells, and platelets. Therefore, patients can also frequently
exhibit leukocytosis and thrombocytosis in addition to eryth-
rocytosis. The diagnosis of PV is made by meeting three
major criteria of the World Health Organization (WHO):
(1) hemoglobin of more than 16.5 g/dL in men or more than
16 g/dL in women or hematocrit of more than 49% in men or
more than 48% in women or increased red blood cell mass,
(2) bone marrow trilineage proliferation with pleomorphic
mature megakaryocytes, and (3) presence of a JAK2 mutation
(JAK2V617F or a mutation at exon 12 of JAK2). It also can be
diagnosed by meeting the first two major criteria and having a
subnormal erythropoietin level'.

However, several investigators have suggested that the WHO
criteria have important limitations. Red blood cell mass meas-
urements are infrequently available throughout the world,
making this parameter useful only at highly specialized cent-
ers. Alvarez-Larrdn er al.’ and Ancochea et al.’ have presented
data which indicate that hematocrit levels more consistently
identify patients with a raised red blood cell mass than hemo-
globin levels do. Hematocrit levels can be of limited value
in diagnosing PV in pregnant females or patients presenting
with splanchnic vein thromboses (SVTs). In addition, others
view the routine use of marrow histopathology in establishing a
diagnosis of PV to be of limited use’. In the British Society
for Haematology Guideline for the diagnosis of PV (published
in 2019)', a pre-eminent group of British hematologists
emphasized that several studies indicated that routine marrow
sampling was frequently associated with a lack of consensus
between pathologists examining the same specimens and that
the use histopathology frequently was not suitable to establish a
diagnosis of PV. They concluded that marrow histopathology
was not mandatory in routine cases of PV but should be reserved
for those patients with atypical clinical features, such as marked
splenomegaly or a history of SVT, where it is necessary to estab-
lish whether there is an occult PV or to document evidence
of progression of PV to myelofibrosis. The conclusions made
by British hematologists reflect the standard of care at most
institutions, whereas the WHO criteria have proven useful
when identifying patients with PV for entry into clinical trials.

Patients with PV can either be asymptomatic or have myriad
symptoms, including (most commonly) fatigue, pruritus, and
night sweats’. Splenomegaly from extramedullary hemat-
opoiesis is present at the time of diagnosis in about a third of
patients but is only occasionally significant enough to result
in abdominal pain and early satiety®. Arterial and venous

thromboses are the main causes of morbidity and mortality in
this patient population’. Additionally, about 20% of patients
with PV progress to myelofibrosis or an aggressive form of
acute myeloid leukemia (AML), known as MPN blast phase
(MPN-BP)*1%.

The aims of the current treatment paradigm for PV are to reduce
the risk of thrombosis and to alleviate symptoms by keep-
ing the hematocrit to less than 45%''. First-line therapy for
low-risk patients, who are defined as lacking a history of a
thrombosis, is aspirin and phlebotomy. High-risk patients require
aspirin and cytoreduction, most commonly with hydroxyu-
rea or interferon (IFN). Recently approved second-line therapy
is the JAKI1/2 inhibitor ruxolitinib'>*. When compared with
standard therapy in patients with PV resistant or intolerant to
hydroxyurea, ruxolitinib was found to be a safe and effective
drug to control hematocrit levels, reduce spleen volumes, and
control symptoms. Current research is focused on identifying
additional agents to reduce the risk of thrombosis and tar-
get the malignant stem cell. Here, we describe several new or
advancing developments in improving the risk stratification
systems and treatment options for PV.

Mutational profiling in polycythemia vera

JAK2V617F is the driver mutation in more than 95% of PV
cases, and nearly all other cases have a mutation in exon 12 of
the JAK2 gene'*". In those patients with a clinical phenotype
that resembles PV but lacks a JAK2 driver mutation, a muta-
tion in LNK, also called SH2B3, can be present. LNK plays
an important role in hematopoiesis by negatively regulating
JAK2 activation through its SH2 domain, thus inhibiting
erythropoietin-receptor and MPL signaling'®. LNK exon 2 muta-
tions have been reported in patients with pure erythrocytosis'’.

The role of additional myeloid mutations in the pathogenesis
of PV is currently an area of great interest. Evaluation of whole
blood or bone marrow DNA from PV patients with next-
generation sequencing by using a 27-gene myeloid neoplasm
panel revealed that about half harbored additional sequence vari-
ants or mutations'®. Mutations can occur in several classes of
genes: epigenetic modifiers (DNMT3A, TET2, and ASXLI),
splicing factors (SF3B1, SRSF2, and U2AF1), metabolic enzymes
(IDHI and IDH2), and tumor suppressors (7P53). ASXLI and
TET2 mutations are the most commonly found mutations in
patients with PV after JAK2V617F. In a retrospective study of
100 patients with chronic MPN and either PV or essential
thrombocythemia, mutations in IDH1/2 or SF3BI were associ-
ated with myelofibrotic transformation and mutations in ASXL/,
TP53, SRSF2, IDH1/2, and RUNXI were associated with trans-
formation to MPN-BP'. Another analysis of 404 patients
with PV revealed that ASXLI, SRSF2, and IDH2 mutations
were associated with poor outcomes due to lower overall,
leukemia-free, and myelofibrosis-free survival®’. A prognostic
scoring system accounting for the presence of adverse spliceo-
some mutations has been established, but owing to the absence
of PV course-modifying therapies, there has been no clear-cut

evidence for the clinical utility of such prognostication®.
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Novel therapeutic avenues in polycythemia vera
Pegylated interferon

IFN-a is a cytokine that regulates a multitude of biologic
activities essential in cellular proliferation and differentiation®'.
The mechanisms that drive the activity of IFN-a in MPNs
are not entirely understood but are attributed to its combined
anti-inflammatory, immunomodulatory, anti-proliferative, and
pro-apoptotic effects. Upon binding of IFN to IFN receptors,
JAKs are activated and phosphorylate signal transducers and
activators of transcription (STAT), which regulate the transcrip-
tion of a broad array of genes?. This interaction with JAK-STAT
signaling is of particular significance because of the constitu-
tive activation of this pathway in patients with JAK2-mutated
PV. There is evidence that the malignant clone driving PV can
be eradicated with IFN treatment because of two proposed
mechanisms: either its ability to exhaust the malignant stem
cell pool by driving these cells out of quiescence to differentiate
or its ability to activate the tumor suppressor TP53%32%,

Initial evidence that IFN-a2 suppresses myeloproliferation
in PV was published in 1985%, and the role of IFN-02 in the
treatment of PV has been a topic of debate for over three dec-
ades. IFN can normalize blood counts and thereby reduce or
eliminate phlebotomy requirements, alleviate symptoms, and
decrease spleen size®. It is also hypothesized that IFN-a2 has
the potential to induce molecular remissions in patients with
PV¥.

While small clinical studies have shown that treatment with
IFN-02 can produce clinical, hematologic, and molecular
responses, the toxicities associated with IFN-a limited its
clinical utility*®. The most common adverse events of IFN are
flu-like symptoms, local injection site reactions, headache,
dizziness, activation of pre-existing autoimmune disorders,
arthralgias, cytopenias, and liver and cardiac toxicity. IFN can
also induce or exacerbate depressive and mania symptoms
and therefore is contraindicated in patients with a history of
psychiatric illness”. The advent of pegylated IFN compounds
has allowed for less frequent dosing of IFN and therefore
greater tolerability. Several clinical trials with such agents have
shed light on the utility of pegylated IFN treatment in this
patient population.

Studies performed by the MPN Research Consortium evalu-
ated pegylated IFN-alfa-2a (Pegasys, Genentech, South San
Francisco, CA, USA), which was administered subcutaneously
weekly in three populations of patients with PV: (1) patients
resistant or intolerant to hydroxyurea, (2) treatment-naive
patients, and (3) patients with a history of SVT. In a phase 2 trial
of peginterferon in 50 PV patients with resistance or intoler-
ance to hydroxyurea, the overall response rate at 12 months was
60%; 22% of patients had a complete remission and 38% had
a partial remission®’. A cohort of patients in this trial included
20 PV or essential thrombocythemia patients who had a history
of SVT and who were required not to have had prior therapy
with hydroxyurea. After 12 months of peginterferon therapy,
the overall response rate was 70%, and none of the patients had

a recurrence of SVT after a median follow-up of 2.2 years®. In a
phase 3 randomized trial of peginterferon versus hydroxyu-
rea in 168 high-risk patients with PV and essential thrombo-
cythemia, peginterferon complete response rates were similar
for the two treatment groups at 12 and 24 months, and
peginterferon had a higher rate of grade 3/4 toxicity*.

Another phase 3 trial of another form of pegylated IFN,
ropeginterferon-alfa-2b (PharmaEssentia, Burlington, MA, USA),
revealed increased efficacy with longer duration of adminis-
tration in patients with PV*. This form of pegylated IFN has
favorable pharmacokinetic properties which allow it to be
administered every two weeks. This study was a randomized,
non-inferiority phase 3 trial of ropeginterferon-alfa-2 versus
standard therapy in 306 patients with PV who either were
hydroxyurea-naive or had less than 3 years of hydroxyurea
treatment. There was also an extension phase of the study. At
12 months, non-inferiority of ropeginterfron-alfa-2b to hydrox-
yurea when comparing hematological and spleen response was
not apparent. At 36 months, however, the cohort that received
ropeginterferon-2b had a significantly higher percentage of
complete hematologic responses with decreased disease
burden (53%) in comparison with the cohort that received
hydroxyurea (38%).

Molecular responses evidenced by a reduction of JAK2V617F
allele burden occurred with both ropeginterferon-alfa-2b
and standard therapy in the first year of treatment. However,
the allele burden progressively decreased after years 2 and 3
of ropeginterferon-alfa-2b treatment, whereas in the group
that received hydroxyurea, the allele burden was initially
reduced but with longer treatment the allele burden increased.
This indicates that continued ropeginteferon-alfa-2b treat-
ment has a sustained response on the malignant clone and has
the potential to allow for prolonged remissions. As evidenced in
these trials, the side-effect profiles of IFN versus hydroxyurea
are disparate and are important when deciding between
these agents. For instance, hydroxyurea is associated with an
increased risk of dermatological malignancies whereas IFN can
cause and worsen underlying psychiatric illness.

A phase II  randomized clinical trial  comparing
ropeginterferon-alfa-2b versus phlebotomy alone in low-risk
patients with PV is under way (ClinicalTrials.gov Identifier:
NCT030030025). Interim analysis of patients in this study
was recently reported*. Eighty-four percent of patients who
received ropeginterferon-alfa-2b versus 60% in the phlebotomy
group met the primary composite endpoint of percentage of
patients maintaining a hematocrit of not more than 45% over
1 year without evidence of disease progression (P = 0.008), and
the greatest evidence of response to ropeginterferon-alfa-2b
appeared to occur after 6 months of treatment. Disease pro-
gression was evident in 8% of patients whose treatment was
phlebotomy only, and there was no incidence of disease pro-
gression in the ropeginterferon-alfa-2b group. Additionally,
ropeginterferon-alfa-2b was associated with an improvement
in PV symptoms. It was also reported that a significant
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difference in >3 adverse events of grade >3 was not observed.
Ropeginterferon-alfa-2b, therefore, appears to be safe and
efficacious in low- or high-risk patients with PV. Whether
peginterferon-alfa-2b therapy is indicated as frontline therapy
in low-risk patients with PV will require the execution and
completion of carefully controlled clinical trials with suffi-
cient numbers of patients and long-term follow-up in order to
determine its effects on long-term patient outcomes.

Long-term follow-up of the patients in these trials is vital to
determine whether sustained remissions can be attained with
this specific therapy. It remains uncertain whether IFN therapy
in patients with PV reduces the incidence of thrombotic events
or evolution to myelofibrosis or MPN-BP. However, in the
aforementioned trials, peginterferon and ropeginterferon-alfa-2b
have been shown to be non-inferior to hydroxyurea in terms of
preventing thromboses. Whether the modest reductions in the
variant allele burden achieved with either form of pegylated
IFN are effective biomarkers for subsequent clinical events and
disease progression has yet to be documented. One advan-
tage of IFN therapy is the ability for the patients to enjoy
drug holidays after they have achieved prolonged periods of
hematological remissions. Unfortunately, in the overwhelm-
ing majority of such instances, evidence of the malignant clone
reappears during these drug holidays.

There is increasing interest in combining pegylated IFN with
ruxolitinib and other potentially active agents. A phase II
study evaluating the combination of pegylated IFN-alfa-2a and
ruxolitinib in PV and myelofibrosis was recently reported®.
Of the 32 patients with PV treated with this combination, 31%
attained remission and 9% achieved complete remission.
Ten of the patients with PV dropped out of the study because
of side effects likely from pegylated IFN-alfa-2a, again
highlighting that a significant proportion of patients are unable
to tolerate this therapy.

MDM2 inhibition

There is accumulating evidence that dysregulation of the
TP53 pathway plays a key role in the pathogenesis and pro-
gression of MPNs. TP53 is a tumor suppressor protein that
responds to DNA damage by promoting DNA repair or inducing
cell death™. Deletions and mutations of the TP53 gene are
present in a wide array of cancers, including MPNs, and loss or
inactivation of this gene is associated with a poor prognosis®.
Low-allele-burden 7P53 mutations are present without clear
clinical consequence in a proportion of patients with PV,
TP53 loss of heterozygosity, however, is associated with trans-
formation of chronic leukemia to AML and about one fourth
of MPN-related AML cases harbor a TP53 mutation®*!.

Mouse double-minute homolog 2 (MDM2) and mouse double-
minute homolog 4 (MDM4) are proteins that work in concert to
negatively regulate the TP53 pathway*’. They down-regulate
TP53 activity via several mechanisms, including inhibition
of TP53 transcription and transactivation, promoting TP53
export from the nucleus and stimulating TP53 degradation.
MDM2 is overexpressed in PV stem/progenitor cells, leading to

decreased TP53 pathway activity®’. Preclinical evidence
indicated that MDM?2 inhibition targets the JAK2V617F
hematopoietic progenitor cells and this activity can be
enhanced by combination therapy with low doses of pegylated

IFN-a2a*.

Clinical evaluation of MDM2 inhibition in PV by using
the class of drugs known as nutlins is ongoing. A phase 1
trial of the oral MDM2 antagonist in high-risk patients with
treatment-refractory PV was performed by our group®. Patients
initially received idasanutlin as a single agent; however, if a
partial response was not reached after six cycles of treatment,
combination therapy with low-dose pegylated IFN-a2a was
allowed. Dose-limiting toxicity was not observed; however,
gastrointestinal toxicity was evident in the majority of patients
and frequently led to discontinuation of the drug. In terms of
clinical activity, the overall response rates were 58% for
idasanutlin monotherapy and 50% for combination therapy
with idasanutlin and pegylated IFN-o2a. The JAK2V617F
allele burden was reduced in all idasanutlin-treated patients
except one, who exemplified resistance to idasanutlin and was
found to have a baseline 7P53 mutation. On-target effects
of idasanutlin were evidenced by elevated levels of plasma
MIC-1, which is a serum biomarker for TP53 activation.

A phase 2 trial of the nutlin, KRT-232, in phlebotomy-
dependent patients with PV is under way and evaluation of
up to 320 patients with PV is planned (ClinicalTrials.gov
Identifier: NCT0366996). For the dose escalation phase (2a),
enrolled patients must have exhibited hydroxyurea resistance
or intolerance or had prior treatment with IFN. In phase 2b
of the trial, patients must be hydroxyurea-resistant or -intolerant
and are randomly assigned to either KRT-232 or ruxolitinib.
Primary endpoints are spleen reduction (at least 35%) and
freedom from phlebotomy. Secondary endpoints are response
rate, duration of response, and symptom improvement.

Hepcidin mimetics

The majority of patients with PV are iron-deficient at diagno-
sis and therapeutic phlebotomy reduces iron levels further®+’.
Although the benefits of phlebotomy are attributed mainly to
the reduction in red blood cells, reducing levels of circulat-
ing iron is potentially contributory. Restriction of iron decreases
hemoglobin synthesis and thereby could dampen malignant
erythropoiesis; however, malignant stem cells may develop
mechanisms to decrease sensitivity to iron deficiency, allowing
erythroblasts to have a survival advantage in an iron-deficient
state’®. Tron deficiency can lead to non-hematological symp-
toms, including weakness, fatigue, cheilosis, pica, muscle dys-
function, and cognitive impairment. Many of the symptoms of
iron deficiency overlap with symptoms previously attributed
to PV, making it difficult to elicit their true etiology*. Repeated
phlebotomies have the potential to worsen iron deficiency
symptoms and have been shown to exacerbate disease-related
symptoms such as pruritis®.

Hepcidin is a peptide hormone released by hepatocytes and
mediates iron homeostasis primarily by inhibition of iron efflux
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through the iron transporter, ferroportin, which is found in
erythrocytes, hepatocytes, and enterocytes’. It reduces plasma
hemoglobin by decreasing intestinal absorption of dietary
iron, promoting sequestration of iron by macrophages, and
inhibiting release of iron stored in hepatocytes. Increased
erythropoietic activity stimulates hepcidin suppression which
normally results in increased absorption of intestinal iron and
mobilization of iron from hepatic stores which allows for
iron homeostasis. In PV, there are two competing factors in
hepcidin regulation: expanded erythropoiesis, which decreases
hepcidin levels, and inflammation, which increases hepcidin.
Overall, patients with PV have suppressed hepcidin; however,
for wunclear reasons, this is insufficient to correct iron
deficiency*.

Hepcidin agonists are under exploration in a variety of blood
disorders, including PV>2. These agonists come in a variety of
forms, including full-length exogenous hepcidin, truncated
forms of hepcidin (mini-hepcidins), endogenous hepcidin stimu-
lators, ferroportin inhibitors, and ERFE antagonists. The goal
of all these agents is to restrict systemic iron metabolism.
Preclinical studies showed that treatment of JAK2V617F mouse
models of PV with exogenous hepcidin led to normalized
hematocrit levels and reduced splenomegaly with increased
sequestration of iron in splenic macrophages™. It is hypothe-
sized that in patients with PV requiring therapeutic phlebotomy,
hepcidin suppression promotes iron absorption that enhances
malignant erythropoiesis. However, treating with a hepcidin
mimetic therefore should serve as a “chemical phlebotomy” by
hindering excessive erythropoiesis, preventing systemic iron
deficiency.

The hepcidin mimetic PTG-300 is being evaluated in patients
with PV requiring phlebotomy in a phase 2 clinical trial
(ClinicalTrials.gov Identifier: NCT04057040). Preliminary find-
ings to date are promising, and PTG-300 is safe and tolerable.
All 13 of the patients in the trial have maintained a hematocrit
of less than 45% without phlebotomy for up to 7 months. Iron
deficiency in these patients is being reversed as evidenced by
increasing ferritin, iron, and transferrin saturation levels as well
as normalization of red blood cell parameter, including mean
corpuscular volume and mean corpuscular hemoglobin®.

References

Givinostat

The expression of many genes involved in leukemogenesis is
regulated by acetylation and deacetylation of histones. Pre-
clinical studies showed that histone deacetylase inhibition could
selectively target JAK2V617F mutant cells and down-regulate
the JAK/STAT pathway in the malignant cell population®.
Givinostat (Italfarmaco, Milan, Italy), a class I and II histone
deacetyalse inhibitor, was evaluated in hydroxyurea-naive and
PV patients who received hydroxyurea and was found to be
safe and tolerable®®’. A phase Ib/Il trial of givinostat in PV
confirmed safety and tolerability, established the maximum
tolerated dose of givinostat to be 100 mg twice daily, and
reported a high overall response rate’. The most common
adverse events identified were diarrhea, thrombocytopenia, and
increased blood creatinine. In part B of the trial, where the
primary objective was to determine overall response after
3 months, 35 patients were enrolled and the overall response
rate was 80.6%. The majority of patients had a hematological
response and about a third of patients had symptom improve-
ment, and pruritus was particularly targeted by this therapy.
An international randomized clinical trial of givinostat versus
hydroxyurea in high-risk patients with PV is planned.

Conclusions

Ultimately, the goals of therapy in this chronic disease
are to improve quality of life, reduce risk of thrombosis,
and alter disease course. The therapeutic landscape of PV is
evolving because of a more thorough understanding of the
molecular mechanisms driving the pathogenesis and progres-
sion of this disease. Several classes of drugs being explored
for these purposes include pegylated IFNs, MDM?2 inhibitors,
hepcidin mimetics, and histone deacetylase inhibitors. There
is nascent evidence that these agents are fundamentally alter-
ing the disease, and clinical activity is evident particularly
in inducing hematological and symptom responses. Further
study is needed to determine whether these agents have a role
in reducing thrombosis risk and preventing disease progres-
sion to myelofibrosis and MPN-BP. Given that PV is a chronic
disease, it is essential that these therapeutics be safe and tol-
erable to allow for prolonged treatment. The future of PV
treatment likely will require combination treatments, which
are being explored in preclinical studies.

G Faculty Opinions Recommended

1. Arber DA, Orazi A, Hasserjian R, et al.: The 2016 revision to the World Health
Organization classification of myeloid neoplasms and acute leukemia. Blood.
2016; 127(20): 2391-405.

PubMed Abstract | Publisher Full Text

2. Alvarez-Larran A, Ancochea A, Angona A, et al.: Red cell mass measurement in
patients with clinically suspected diagnosis of polycythemia vera or essential
thrombocythemia. Haematologica. 2012; 97(11): 1704-7.

PubMed Abstract | Publisher Full Text | Free Full Text

3. Ancochea A, Alvarez-Larran A, Morales-Indiano C, et al.: The role of serum
erythropoietin level and JAK2 V617F allele burden in the diagnosis of

polycythaemia vera. Br J Haematol. 2014; 167(3): 411-7.
PubMed Abstract | Publisher Full Text

4. McMullin MF, Harrison CN, Ali S, et al.: A guideline for the diagnosis and
management of polycythaemia vera. A British Society for Haematology
Guideline. Br J Haematol. 2019; 184(2): 176-91.

PubMed Abstract | Publisher Full Text

5. G Grunwald MR, Kuter DJ, Altomare |, et al.: Treatment Patterns and Blood
Counts in Patients With Polycythemia Vera Treated With Hydroxyurea in the
United States: An Analysis From the REVEAL Study. Clin Lymphoma Myeloma


http://www.ncbi.nlm.nih.gov/pubmed/27069254
http://dx.doi.org/10.1182/blood-2016-03-643544
http://www.ncbi.nlm.nih.gov/pubmed/22689671
http://dx.doi.org/10.3324/haematol.2012.067348
http://www.ncbi.nlm.nih.gov/pmc/articles/3487444
http://www.ncbi.nlm.nih.gov/pubmed/25040297
http://dx.doi.org/10.1111/bjh.13047
http://www.ncbi.nlm.nih.gov/pubmed/30478826
http://dx.doi.org/10.1111/bjh.15648
https://facultyopinions.com/737431479

% Faculty Opinions

Faculty Reviews 2021 10:(29)

20.

21.

22.

23.

24.

Leuk. 2020; 20(4): 219-25.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Cerquozzi S, Barraco D, Lasho T, et al.: Risk factors for arterial versus venous
thrombosis in polycythemia vera: A single center experience in 587 patients.
Blood Cancer J. 2017; 7(12): 662.

PubMed Abstract | Publisher Full Text | Free Full Text

3 Griesshammer M, Kiladjian JJ, Besses C: Thromboembolic events in
polycythemia vera. Ann Hematol. 2019; 98(5): 1071-82.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Kiladjian JJ, Gardin C, Renoux M, et al.: Long-term outcomes of polycythemia
vera patients treated with pipobroman as initial therapy. Hematol J. 2003; 4(3):
198-207.

PubMed Abstract

Passamonti F, Rumi E, Pungolino E, et al.: Life expectancy and prognostic
factors for survival in patients with polycythemia vera and essential
thrombocythemia. Am J Med. 2004; 117(10): 755-61.

PubMed Abstract | Publisher Full Text

Bonicelli G, Abdulkarim K, Mounier M, et al.: Leucocytosis and thrombosis
at diagnosis are associated with poor survival in polycythaemia vera: A
population-based study of 327 patients. Br J Haematol. 2013; 160(2): 251-4.
PubMed Abstract | Publisher Full Text

G Spivak JL: How I treat polycythemia vera. Blood. 2019; 134(4): 341-52.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

G Kiladjian JJ, Zachee P, Hino M, et al.: Long-term efficacy and safety of
ruxolitinib versus best available therapy in polycythaemia vera (RESPONSE):
5-year follow up of a phase 3 study. Lancet Haematol. 2020; 7(3): e226—-e237.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

s Vannucchi AM, Kiladjian JJ, Griesshammer M, et al.: Ruxolitinib versus
standard therapy for the treatment of polycythemia vera. N Engl J Med. 2015;
372(5): 426-35.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

3 Levine RL, Wadleigh M, Cools J, et al.: Activating mutation in the tyrosine
kinase JAK2 in polycythemia vera, essential thrombocythemia, and myeloid
metaplasia with myelofibrosis. Cancer Cell. 2005; 7(4): 387-97.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

G Scott LM, Tong W, Levine RL, et al.: JAK2 exon 12 mutations in
polycythemia vera and idiopathic erythrocytosis. N Eng/ J Med. 2007; 356(5):
459-68.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Vainchenker W, Delhommeau F, Constantinescu SN, et al.: New mutations and
pathogenesis of myeloproliferative neoplasms. Blood. 2011; 118(7): 1723-35.
PubMed Abstract | Publisher Full Text

Pardanani A, Lasho T, Finke C, et al.: LNK mutation studies in blast-phase
myeloproliferative neoplasms, and in chronic-phase disease with TET2, IDH,
JAK2 or MPL mutations. Leukemia. 2010; 24(10): 1713-8.

PubMed Abstract | Publisher Full Text

Tefferi A, Lasho TL, Guglielmelli P, et al.: Targeted deep sequencing in
polycythemia vera and essential thrombocythemia. Blood Adv. 2016; 1(1):
21-30.

PubMed Abstract | Publisher Full Text | Free Full Text

G Senin A, Fernandez-Rodriguez C, Bellosillo B, et al.: Non-driver mutations
in patients with JAK2V617F-mutated polycythemia vera or essential
thrombocythemia with long-term molecular follow-up. Ann Hematol. 2018;
97(3): 443-51.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

s Tefferi A, Guglielmelli P, Lasho TL, et al.: Mutation-enhanced international
prognostic systems for essential thrombocythaemia and polycythaemia vera.
Br J Haematol. 2020; 189(2): 291-302.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Borden EC, Sen GC, Uze G, et al.: Interferons at age 50: Past, current and future
impact on biomedicine. Nat Rev Drug Discov. 2007; 6(12): 975-90.
PubMed Abstract | Publisher Full Text | Free Full Text

Platanias LC: Mechanisms of type-I- and type-ll-interferon-mediated signalling.
Nat Rev Immunol. 2005; 5(5): 375—-86.
PubMed Abstract | Publisher Full Text

Kiladjian JJ, Cassinat B, Chevret S, et al.: Pegylated interferon-alfa-2a induces
complete hematologic and molecular responses with low toxicity in
polycythemia vera. Blood. 2008; 112(8): 3065-72.

PubMed Abstract | Publisher Full Text

Quintas-Cardama A, Kantarjian H, Manshouri T, et al.: Pegylated interferon alfa-
2a yields high rates of hematologic and molecular response in patients with
advanced essential thrombocythemia and polycythemia vera. J Clin Oncol.
2009; 27(32): 5418-24.

PubMed Abstract | Publisher Full Text | Free Full Text

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Linkesch W, Gisslinger H, Ludwig H, et al.: [Therapy with interferon (recombinant
IFN-alpha-2C) in myeloproliferative diseases with severe thrombocytoses].
Acta Med Austriaca. 1985; 12(5): 123-7.

PubMed Abstract

Silver RT: Recombinant interferon-alpha for tr
Lancet. 1988; 2(8607): 403.
PubMed Abstract | Publisher Full Text

Larsen TS, Maller MB, de Stricker K, et al.: Minimal residual disease and
normalization of the bone marrow after long-term treatment with alpha-
interferon2b in polycythemia vera. A report on molecular response patterns in
seven patients in sustained complete hematological remission. Hematology.
2009; 14(6): 331-4.

PubMed Abstract | Publisher Full Text

Lengfelder E, Berger U, Hehimann R: Interferon alpha in the treatment of
polycythemia vera. Ann Hematol. 2000; 79(3): 103-9.

PubMed Abstract | Publisher Full Text

Raison CL, Demetrashvili M, Capuron L, et al.: Neuropsychiatric adverse effects
of interferon-alpha: Recognition and management. CNS Drugs. 2005; 19(2):
105-23.

PubMed Abstract | Publisher Full Text | Free Full Text

Yacoub A, Mascarenhas J, Kosiorek H, et al.: Pegylated interferon alfa-2a for
polycythemia vera or essential thrombocythemia resistant or intolerant to
hydroxyurea. Blood. 2019; 134(18): 1498-509.

PubMed Abstract | Publisher Full Text | Free Full Text

Mascarenhas J, Kosiorek H, Prchal J, et al.: A prospective evaluation of
pegylated interferon alfa-2a therapy in patients with polycythemia vera and
essential thrombocythemia with a prior splanchnic vein thrombosis. Leukemia.
2019; 33(12): 2974-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Mascarenhas J, Kosiorek HE, Prchal JT, et al.: Results of the Myeloproliferative
Neoplasms - Research Consortium (MPN-RC) 112 Randomized Trial of
Pegylated Interferon Alfa-2a (PEG) Versus Hydroxyurea (HU) Therapy for
the Treatment of High Risk Polycythemia Vera (PV) and High Risk Essential
Thrombocythemia (ET). Blood. 2018; 132(Supplement 1): 577.

Publisher Full Text

1t of polycyth ia vera.

G Gisslinger H, Klade C, Georgiev P, et al.: Ropeginterferon alfa-2b versus
standard therapy for polycythaemia vera (PROUD-PV and CONTINUATION-
PV): A randomised, non-inferiority, phase 3 trial and its extension study.
Lancet Haematol. 2020; 7(3): e196—208.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Barbui T, Vannucchi AM, De Stefano V, et al.: PHASE Il RANDOMIZED CLINICAL
TRIAL COMPARING ROPEGINTERFERON VERSUS PHLEBOTOMY IN LOW-
RISK PATIENTS WITH POLYCYTHEMIA VERA. RESULTS OF THE PRE-
PLANNED INTERIM ANALYSIS. EHA. 2020; Abstract LB2602.

Reference Source

G Serensen AL, Mikkelsen SU, Knudsen TA, et al.: Ruxolitinib and interferon-
a2 combination therapy for patients with polycythemia vera or myelofibrosis:
a phase Il study. Haematologica. 2020; 105(9): 2262-72.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

s Kastenhuber ER, Lowe SW: Putting p53 in Context. Cell. 2017; 170(6):
1062-78.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Gaidano G, Guerrasio A, Serra A, et al.: Mutations in the P53 and RAS family
genes are associated with tumor progression of BCR/ABL negative chronic
myeloproliferative disorders. Leukemia. 1993; 7(7): 946-53.

PubMed Abstract

s Kubesova B, Pavlova S, Malcikova J, et al.: Low-burden TP53 mutations
in chronic phase of myeloproliferative neoplasms: Association with age,
hydroxyurea administration, disease type and JAK2 mutational status.
Leukemia. 2018; 32(2): 450-61.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

G Harutyunyan A, Klampfl T, Cazzola M, et al.: p53 lesions in leukemic
transformation. N Engl J Med. 2011; 364(5): 488—90.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

G Courtier F, Carbuccia N, Garnier S, et al.: Genomic analysis of
myeloproliferative neoplasms in chronic and acute phases. Haematologica.
2017; 102(1): e11-e14.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

G Rampal R, Ahn J, Abdel-Wahab O, et al.: Genomic and functional analysis of
leukemic transformation of myeloproliferative neoplasms. Proc Natl Acad Sci
U S A.2014; 111(50): E5401-10.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation


http://www.ncbi.nlm.nih.gov/pubmed/32063527
http://dx.doi.org/10.1016/j.clml.2019.09.601
https://facultyopinions.com/737431479
http://www.ncbi.nlm.nih.gov/pubmed/29282357
http://dx.doi.org/10.1038/s41408-017-0035-6
http://www.ncbi.nlm.nih.gov/pmc/articles/5802551
https://facultyopinions.com/735288334
http://www.ncbi.nlm.nih.gov/pubmed/30848334
http://dx.doi.org/10.1007/s00277-019-03625-x
http://www.ncbi.nlm.nih.gov/pmc/articles/6469649
https://facultyopinions.com/735288334
http://www.ncbi.nlm.nih.gov/pubmed/12764352
http://www.ncbi.nlm.nih.gov/pubmed/15541325
http://dx.doi.org/10.1016/j.amjmed.2004.06.032
http://www.ncbi.nlm.nih.gov/pubmed/23151052
http://dx.doi.org/10.1111/bjh.12117
https://facultyopinions.com/735898575
http://www.ncbi.nlm.nih.gov/pubmed/31151982
http://dx.doi.org/10.1182/blood.2018834044
https://facultyopinions.com/735898575
https://facultyopinions.com/737269967
http://www.ncbi.nlm.nih.gov/pubmed/31982039
http://dx.doi.org/10.1016/S2352-3026(19)30207-8
https://facultyopinions.com/737269967
https://facultyopinions.com/725330328
http://www.ncbi.nlm.nih.gov/pubmed/25629741
http://dx.doi.org/10.1056/NEJMoa1409002
http://www.ncbi.nlm.nih.gov/pmc/articles/4358820
https://facultyopinions.com/725330328
https://facultyopinions.com/720540175
http://www.ncbi.nlm.nih.gov/pubmed/15837627
http://dx.doi.org/10.1016/j.ccr.2005.03.023
https://facultyopinions.com/720540175
https://facultyopinions.com/1068772
http://www.ncbi.nlm.nih.gov/pubmed/17267906
http://dx.doi.org/10.1056/NEJMoa065202
http://www.ncbi.nlm.nih.gov/pmc/articles/2873834
https://facultyopinions.com/1068772
http://www.ncbi.nlm.nih.gov/pubmed/21653328
http://dx.doi.org/10.1182/blood-2011-02-292102
http://www.ncbi.nlm.nih.gov/pubmed/20724988
http://dx.doi.org/10.1038/leu.2010.163
http://www.ncbi.nlm.nih.gov/pubmed/29296692
http://dx.doi.org/10.1182/bloodadvances.2016000216
http://www.ncbi.nlm.nih.gov/pmc/articles/5744051
https://facultyopinions.com/732188943
http://www.ncbi.nlm.nih.gov/pubmed/29181548
http://dx.doi.org/10.1007/s00277-017-3193-5
https://facultyopinions.com/732188943
https://facultyopinions.com/737223602
http://www.ncbi.nlm.nih.gov/pubmed/31945802
http://dx.doi.org/10.1111/bjh.16380
https://facultyopinions.com/737223602
http://www.ncbi.nlm.nih.gov/pubmed/18049472
http://dx.doi.org/10.1038/nrd2422
http://www.ncbi.nlm.nih.gov/pmc/articles/7097588
http://www.ncbi.nlm.nih.gov/pubmed/15864272
http://dx.doi.org/10.1038/nri1604
http://www.ncbi.nlm.nih.gov/pubmed/18650451
http://dx.doi.org/10.1182/blood-2008-03-143537
http://www.ncbi.nlm.nih.gov/pubmed/19826111
http://dx.doi.org/10.1200/JCO.2009.23.6075
http://www.ncbi.nlm.nih.gov/pmc/articles/4881362
http://www.ncbi.nlm.nih.gov/pubmed/3914173
http://www.ncbi.nlm.nih.gov/pubmed/2899816
http://dx.doi.org/10.1016/s0140-6736(88)92881-4
http://www.ncbi.nlm.nih.gov/pubmed/19941739
http://dx.doi.org/10.1179/102453309X12473408860587
http://www.ncbi.nlm.nih.gov/pubmed/10803930
http://dx.doi.org/10.1007/s002770050563
http://www.ncbi.nlm.nih.gov/pubmed/15697325
http://dx.doi.org/10.2165/00023210-200519020-00002
http://www.ncbi.nlm.nih.gov/pmc/articles/1255968
http://www.ncbi.nlm.nih.gov/pubmed/31515250
http://dx.doi.org/10.1182/blood.2019000428
http://www.ncbi.nlm.nih.gov/pmc/articles/6839950
http://www.ncbi.nlm.nih.gov/pubmed/31363161
http://dx.doi.org/10.1038/s41375-019-0524-7
http://www.ncbi.nlm.nih.gov/pmc/articles/6884668
http://dx.doi.org/10.1182/blood-2018-99-111946
https://facultyopinions.com/737320930
http://www.ncbi.nlm.nih.gov/pubmed/32014125
http://dx.doi.org/10.1016/S2352-3026(19)30236-4
https://facultyopinions.com/737320930
https://library.ehaweb.org/eha/2020/eha25th/303391/tiziano.barbui.phase.ii.randomized.clinical.trial.comparing.ropeginterferon.html?f=listing=*browseby=8*sortby=1*search=lb2602
https://facultyopinions.com/737136530
http://www.ncbi.nlm.nih.gov/pubmed/33054051
http://dx.doi.org/10.3324/haematol.2019.235648
http://www.ncbi.nlm.nih.gov/pmc/articles/7556624
https://facultyopinions.com/737136530
https://facultyopinions.com/730845022
http://www.ncbi.nlm.nih.gov/pubmed/28886379
http://dx.doi.org/10.1016/j.cell.2017.08.028
http://www.ncbi.nlm.nih.gov/pmc/articles/5743327
https://facultyopinions.com/730845022
http://www.ncbi.nlm.nih.gov/pubmed/8321046
https://facultyopinions.com/727841163
http://www.ncbi.nlm.nih.gov/pubmed/28744014
http://dx.doi.org/10.1038/leu.2017.230
http://www.ncbi.nlm.nih.gov/pmc/articles/5808067
https://facultyopinions.com/727841163
https://facultyopinions.com/726255630
http://www.ncbi.nlm.nih.gov/pubmed/21288114
http://dx.doi.org/10.1056/NEJMc1012718
https://facultyopinions.com/726255630
https://facultyopinions.com/736560425
http://www.ncbi.nlm.nih.gov/pubmed/27742771
http://dx.doi.org/10.3324/haematol.2016.152363
http://www.ncbi.nlm.nih.gov/pmc/articles/5210251
https://facultyopinions.com/736560425
https://facultyopinions.com/725281367
http://www.ncbi.nlm.nih.gov/pubmed/25516983
http://dx.doi.org/10.1073/pnas.1407792111
http://www.ncbi.nlm.nih.gov/pmc/articles/4273376
https://facultyopinions.com/725281367

% Faculty Opinions

Faculty Reviews 2021 10:(29)

42.

43.

44.

45.

46.

47.

48.

49.

50.

Li Q, Lozano G: Molecular pathways: Targeting Mdm2 and Mdm4 in cancer
therapy. Clin Cancer Res. 2013; 19(1): 34—41.

PubMed Abstract | Publisher Full Text | Free Full Text

Lu M, Wang X, Li Y, et al.: Combination treatment in vitro with Nutlin, a
small-molecule antagonist of MDM2, and pegylated interferon-a 2a specifically
targets JAK2V617F-positive polycythemia vera cells. Blood. 2012; 120(15):
3098-105.

PubMed Abstract | Publisher Full Text | Free Full Text

Lu M, Xia L, Li Y, et al.: The orally bioavailable MDM2 antagonist RG7112 and
pegylated interferon « 2a target JAK2V617F-positive progenitor and stem cells.
Blood. 2014; 124(5): 771-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Mascarenhas J, Lu M, Kosiorek H, et al.: Oral idasanutlin in patients with
polycythemia vera. Blood. 2019; 134(6): 525-33.
PubMed Abstract | Publisher Full Text | Free Full Text

Thiele J, Kvasnicka HM, Muehlhausen K, et al.: Polycythemia rubra vera versus
secondary polycythemias. A clinicopathological evaluation of distinctive
features in 199 patients. Pathol Res Pract. 2001; 197(2): 77-84.

PubMed Abstract | Publisher Full Text

Gianelli U, lurlo A, Vener C, et al.: The significance of bone marrow biopsy

and JAK2V617F mutation in the differential diagnosis between the “early”
prepolycythemic phase of polycythemia vera and essential thrombocythemia.
Am J Clin Pathol. 2008; 130(3): 336—42.

PubMed Abstract | Publisher Full Text

Ginzburg YZ, Feola M, Zimran E, et al.: Dysregulated iron metabolism in
polycythemia vera: Etiology and consequences. Leukemia. 2018; 32(10):
2105-16.

PubMed Abstract | Publisher Full Text | Free Full Text

Camaschella C: Iron-deficiency anemia. N Engl J Med. 2015; 372(19): 1832-43.
PubMed Abstract | Publisher Full Text

s Scherber RM, Geyer HL, Dueck AC, et al.: The potential role of hematocrit
control on symptom burden among polycythemia vera patients: Insights from
the CYTO-PV and MPN-SAF patient cohorts. Leuk Lymphoma. 2017; 58(6):
1481-7.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

51.

52.

53.

54.

55.

56.

57.

58.

Ganz T: Hepcidin--a regulator of intestinal iron absorption and iron recycling
by macrophages. Best Pract Res Clin Haematol. 2005; 18(2): 171-82.
PubMed Abstract | Publisher Full Text

@ Casu C, Nemeth E, Rivella S: Hepcidin agonists as therapeutic tools. Blood.
2018; 131(16): 1790-4.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

G Casu C, Oikonomidou PR, Chen H: Minihepcidin peptides as di
modifiers in mice affected by B-thalassemia and polycythemia vera. Blood.
2016; 128(2): 265-76.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Kremyanskaya M, Ginzburg Y, Kuykendall AT, et al.: PTG-300 Eliminates the
Need for Therapeutic Phlebotomy in Both Low and High-Risk Polycythemia
Vera Patients. Blood. 2020; 136(Supplement 1): 33-35.

Publisher Full Text

Guerini V, Barbui V, Spinelli O, et al.: The histone deacetylase inhibitor ITF2357
selectively targets cells bearing mutated JAK2(V617F). Leukemia. 2008; 22(4):
740-7.

PubMed Abstract | Publisher Full Text

Rambaldi A, Dellacasa CM, Finazzi G, et al.: A pilot study of the Histone-
Deacetylase inhibitor Givinostat in patients with JAK2V617F positive chronic
myeloproliferative neoplasms. Br J Haematol. 2010; 150(4): 446-55.

PubMed Abstract | Publisher Full Text

Finazzi G, Vannucchi AM, Martinelli V, et al.: A phase Il study of Givinostat in
combination with hydroxycarbamide in patients with polycythaemia vera
unresponsive to hydroxycarbamide monotherapy. Br J Haematol. 2013; 161(5):
688-94.

PubMed Abstract | Publisher Full Text

s Rambaldi A, lurlo A, Vannucchi AM, et al.: Safety and efficacy of the
maximum tolerated dose of givinostat in polycythemia vera: A two-part Phase
Ib/Il study. Leukemia. 2020; 34(8): 2234-7.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation


http://www.ncbi.nlm.nih.gov/pubmed/23262034
http://dx.doi.org/10.1158/1078-0432.CCR-12-0053
http://www.ncbi.nlm.nih.gov/pmc/articles/3537867
http://www.ncbi.nlm.nih.gov/pubmed/22872685
http://dx.doi.org/10.1182/blood-2012-02-410712
http://www.ncbi.nlm.nih.gov/pmc/articles/3471518
http://www.ncbi.nlm.nih.gov/pubmed/24869939
http://dx.doi.org/10.1182/blood-2013-11-536854
http://www.ncbi.nlm.nih.gov/pmc/articles/4467881
http://www.ncbi.nlm.nih.gov/pubmed/31167802
http://dx.doi.org/10.1182/blood.2018893545
http://www.ncbi.nlm.nih.gov/pmc/articles/6688433
http://www.ncbi.nlm.nih.gov/pubmed/11261821
http://dx.doi.org/10.1078/0344-0338-5710013
http://www.ncbi.nlm.nih.gov/pubmed/18701405
http://dx.doi.org/10.1309/6BQ5K8LHVYAKUAF4
http://www.ncbi.nlm.nih.gov/pubmed/30042411
http://dx.doi.org/10.1038/s41375-018-0207-9
http://www.ncbi.nlm.nih.gov/pmc/articles/6170398
http://www.ncbi.nlm.nih.gov/pubmed/25946282
http://dx.doi.org/10.1056/NEJMra1401038
https://facultyopinions.com/726981996
http://www.ncbi.nlm.nih.gov/pubmed/27830999
http://dx.doi.org/10.1080/10428194.2016.1246733
https://facultyopinions.com/726981996
http://www.ncbi.nlm.nih.gov/pubmed/15737883
http://dx.doi.org/10.1016/j.beha.2004.08.020
https://facultyopinions.com/732823986
http://www.ncbi.nlm.nih.gov/pubmed/29523504
http://dx.doi.org/10.1182/blood-2017-11-737411
http://www.ncbi.nlm.nih.gov/pmc/articles/5909761
https://facultyopinions.com/732823986
https://facultyopinions.com/726339368
http://www.ncbi.nlm.nih.gov/pubmed/27154187
http://dx.doi.org/10.1182/blood-2015-10-676742
http://www.ncbi.nlm.nih.gov/pmc/articles/4946204
https://facultyopinions.com/726339368
http://dx.doi.org/10.1182/blood-2020-137285
http://www.ncbi.nlm.nih.gov/pubmed/18079739
http://dx.doi.org/10.1038/sj.leu.2405049
http://www.ncbi.nlm.nih.gov/pubmed/20560970
http://dx.doi.org/10.1111/j.1365-2141.2010.08266.x
http://www.ncbi.nlm.nih.gov/pubmed/23573950
http://dx.doi.org/10.1111/bjh.12332
https://facultyopinions.com/737385487
http://www.ncbi.nlm.nih.gov/pubmed/32047238
http://dx.doi.org/10.1038/s41375-020-0735-y
http://www.ncbi.nlm.nih.gov/pmc/articles/7387307
https://facultyopinions.com/737385487

	10-29_Hoffman_Front.pdf
	10-29_Hoffman.pdf



