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v Abstract

Polycythemia vera (PV) is currently identified as one of the three classic, Bcr/Abl- adverse,
myeloproliferative disorders (MPD), together with important thrombocythemia (ET) and also
myelofibrosis with myeloid metaplasia (MMM). It is now well-established that PV stands for a
clonal stem-cell process that is identified by trilineage myeloproliferation, splenomegaly,
thrombohemorrhagic difficulties, aquagenic pruritus, and a propensity for clonal advancement into
either acute myeloid leukemia (AML) or MMM . Typical age at diagnosis is approximately 60
years and also typical life expectancy with contemporary therapy methods 20 years . The latter
represents a significant renovation over historic controls, where premature death from thrombotic
difficulties reduced survival to a median of less than 2 years . Present agreement debts the
restorative use of hostile phlebotomy as being largely responsible for this remarkable change in
survival. Nevertheless, the antithrombotic value of phlebotomy has actually not been appropriately
assessed in a controlled setting, whereas randomized clinical tests have actually shown substantial
reduction in vascular occasions when phlebotomy was supplemented with either myelosuppressive
therapy or low-dose aspirin. In conlcusion , Physicians have for many years relied upon dimension
of the RCM for the diagnosis of PV. Quantitative reference varieties are utilized to define
normality, as a needed examination for the diagnosis of PV. To date, no systematic evidence
sustains such technique as well as novel diagnostic assays, which are based upon disease biology,

are being created and also their clinical energy verified.

Introduction

Polycythemia vera (PV) is currently identified as one of the three classic, Bcr/Abl- adverse,
myeloproliferative disorders (MPD), together with important thrombocythemia (ET) and also

myelofibrosis with myeloid metaplasia (MMM). It is now well-established that PV stands for a
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clonal stem-cell process that is identified by trilineage myeloproliferation, splenomegaly,
thrombohemorrhagic difficulties, aquagenic pruritus, and a propensity for clonal advancement into
either acute myeloid leukemia (AML) or MMM®, Typical age at diagnosis is approximately 60
years and also typical life expectancy with contemporary therapy methods 20 years ). The latter
represents a significant renovation over historic controls, where premature death from thrombotic
difficulties reduced survival to a median of less than 2 years ®). Present agreement debts the
restorative use of hostile phlebotomy as being largely responsible for this remarkable change in
survival. Nevertheless, the antithrombotic value of phlebotomy has actually not been appropriately
assessed in a controlled setting, whereas randomized clinical tests have actually shown substantial
reduction in vascular occasions when phlebotomy was supplemented with either myelosuppressive

therapy ® or low-dose aspirin ©).

Current dogma takes into consideration a hematocrit degree (Hct) of 45% as the uppermost
permitted range before employing upkeep phlebotomy in patients with PV. There is no controlled
proof to sustain this certain referral as well as a substantial minority of Swedish and american
hematologists utilize a target Hct that comes close to 50% 7). Regardless, the administration of
boosted Hct secondary to PV in terms of both treatment seriousness and certain treatment is sharply
different from the handlement of a non-clonal increase in Hct™®. This is since although there are
periodic records of boosted vascular complications attached to both loved one as well as second
polycythemia, the thrombogenic possibility of a non-clonal boost in Hct is typically believed to be
considerably much less compared to that of PV®. As necessary, prompt establishment of
therapeutic phlebotomy for second polycythemia is not constantly necessary, as well as might also
be detrimental in specific circumstances®®. In enhancement, the Hct target, if phlebotomy is
suggested for additional polycythemia, is established at a higher level. The main concern during
the assessment of 'polycythemia’ is whether one is dealing with PV.
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v Methodology
The databases of PubMed, the Cochrane library, EMBASE, Chinese Biomedical Database and ISl

Web of Knowledge were searched up to July 2016 without language and publication status
restrictions. The search strategies included the following terms[Mesh]: “bone marrow”, “red cell
mass”, “erythropoietin”, “polycythemia”. In addition, Google scholar and the lists of references
were also searched for other relevant RCTs.

v Results and Discussion

THE DIFFERENTIAL DIAGNOSIS OF POLYCYTHEMIA VERA

In regular clinical technique, PV is normally presumed when an offered Hct exceeds the ceilings
of the recommendation array, readjusted for sex as well as race. The assumption of an increased
Hct may (real polycythemia) or might not (apparent polycythemia) be connected with a real rise
in the complete intravascular red blood cell material, likewise understood as the red cell mass
(Table 1).

Table 1. Classification of ‘polycythemia’.
Apparent polycythemia

Relative polycythemia8
Extreme ‘high normal’ values30
True polycythemia
Polycythemia veral

Secondary polycythemia

Congenital

True polycythemia
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True polycythemia stands for a rise in either clonal (polycythemia vera) or non-clonal (second
polycythemia) erythropoiesis (Table 1). In PV, the enhanced red blood cell (RBC) manufacturing
is neither moderated by erythropoietin (Epo) ®? neither related to an activating anomaly of the
Epo receptor (EpoR)*21®, By contrast, enhanced Epo manufacturing characterizes a big fraction
of the conditions that are connected with additional polycythemia (SP). For sensible purposes, SP
can be classified right into genetic and also acquired categories (Table 1). Genetic polycythemia
might or may not be associated with raised lotion Epo degrees. Both Chuvash polycythemia
connected with von Hippel-Lindau (VHL) gene mutationl4 and high oxygen-affinity
hemoglobinopathies/enzymopathies>!®) are linked with boosted or regular serum Epo levels. In
contrast, genetic polycythemias connected with EpoR mutations*”) are associated with low

product Epo degrees.

Acquired SP is triggered by a myriad of pathological conditions that could or could not be
connected to Epo overproduction. The hypoxic stimulation for Epo-mediated gotten SP is usually
central, with cardiopulmonary conditions being one of the most accountable®®. Other reasons for
main hypoxia include high-altitude habitat®® and carbon monoxide poisoning®®. Peripheral tissue
hypoxia from kidney artery constriction could likewise be connected with Epo-mediated SPY,
On the other hand, the role of either hypoxia or Epo arbitration in SP connected with either
smoking ?? or rest apnea®® has not been completely made clear. Abnormal manufacturing of Epo
may also happen in the absence of a hypoxic stimulus, as in tumor-associated polycythemia®+2,
Exogenous management of medicines such as Epo or androgen prep work have additionally been
implicated in acquired SP?527), In the absence of a recognizable reason, real polycythemia has
actually been designated as idiopathic erythrocytosis®®. Nevertheless, a significant variety of
patients with the latter entity could stand for very early PV, hereditary polycythemia, or occult
SP@9),

Apparent polycythemia

Apparent polycythemia (AP) results from either a reduction in plasma quantity (relative
polycythemia) or one's misperception of what comprises the ceiling of typical worths for Hct9,
On top of that, AP consists of instances that represent the appropriate tail of the Gaussian

distribution for typical Hct worths (i.e. the 2.5% of the typical population whose Hct worths exceed
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the ceilings of the referral array). Acute circumstances of relative polycythemia consisting of
serious dehydration from several reasons are commonly scientifically obvious. On the other hand,
some detectives have actually doubted the presence of a nosologic entity defined by a constantly
acquired plasma volume®34, Here, both 'Gaisbock syndrome' (family member polycythemia
connected with hypertension and also nephropathy) © and 'stress and anxiety polycythemia’
(family member polycythemia associated with emotional stress) ©® are inadequately recognized
concepts in which tightening of the vascular area is thought to play a part®=3". The issue is further
dumbfounded by reports of raised morbidity and death connected with 'persistent relative
polycythemia'®),

RED CELL MASS MEASUREMENT IN POLYCYTHEMIA VERA

The total blood quantity (BV) generally makes up around 7% of the body weight and is composed
of the RCM (i.e. volume occupied by red blood cells) and plasma volume. In regular clinical
practice, RCM is estimated indirectly from 3 quantitative research laboratory specifications
consisting of venous Hct (i.e. jam-packed cell quantity), hemoglobin, and RBC count. These
specific dimensions are all influenced by modifications in plasma quantity and for that reason do
not necessarily provide a precise estimate of the intravascular red cell web content. Moreover,
splenomegaly, when present, modifies the total circulation of RBC in relation to plasma and also
subsequently influences the Hct®® Such are the problems that partially underlie the reasoning to
go after option, 'straight' approaches of RCM quantitation to examine polycythemia.

Background

The principle of BV measurement is based upon the sign dilution method initially presented in
182940 and consequently utilized to estimate blood circulation as well as BV in 1897“%, Start in
1915“2 and also using the important red method, a significant amount of work from several private
investigators developed the sign dilution approach as an approved lab examination for BV
dimensions“3#*) Modern techniques of BV measurement usage, as the indication, radioactively
classified RBC (e.g.51Cr-tagged) or albumin (e.g. 125I-tagged), to measure complete BV as well
as plasma volume, respectively®. The results are revealed in referral either to body mass or to

account for body fat, which is avascular-body surface area®®.

There are 2 schools of thought concerning making use of BV dimensions to determine RCM. In

one, RCM is acquired by subtracting the plasma quantity determined by 125I-tagged albumin
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approach from the total BV measured by the 51Cr-tagged erythrocyte technique, done
simultaneously“?. In the other, RCM is calculated by multiplying plasma quantity gauged by 125I-
tagged albumin approach with a formula which contains venous Hct remedied to show body
Hct“849), The supporters of the previous technique suggest that the body Hct could not be properly
computed from the venous Hct however fail to appreciate that the more comprehensive issue with
RCM dimension, in the diagnosis of PV, has little to do with the computation of body Hct.

Methodological and other limitations

In general, BV measurements, no matter just what formula one makes use of to compute RCM,
are prone to multiple levels of imprecision, consisting of errors from pipetting, counting,
calibration, and variants in blending time and also instrumentation“’%9. Not all of these step-by-
step actions are very easy to systematize as well as demand a high level of quality-control systems
that could not be inexpensive for lots of laboratories. Also if one handles to measure RCM
accurately, analysis of the result needs understanding of a specific baseline value that is gotten
under comparable circum-positions“®®. Clearly this is an unwise situation as well as the present
method of making use of population-based reference ranges weakens the art of choice analysis for
the specific patient. It is similarly essential to bear in mind that obesity, which is an existing
epidemic in established nations, stays a significant confounding factor in outcome analysis of

RCM, despite the various techniques made use of to make up for body structure®?.

What is the diagnostic accuracy of red cell mass measurement in polycythemia vera and is
the information from the specific test of additional value?

The analysis utility of RCM dimension was backed, with no organized supportive evidence, based
upon a collection of qualification requirements for a clinical trial formulated by an international
Polycythemia Vera Study Group (PVSG) in 1967%. It was promptly clear, even after that, that
RCM measurement could not differentiate between PV and SP and also for that reason had to be
supplemented by extra information, consisting of splenomegaly and also other features of clonal
myeloproliferation. However, the particular actions utilized here made use of an insufficient set of
organic info with succeeding compromise in examination sensitivity®*. As a whole, the absence
of a gold criterion, akin to the Philadelphia translocation in persistent myeloid leukemia, had

prevented correct examination of analysis procedures in PV.
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The diagnostic accuracy of RCM dimension was lately examined in a successive mate of 105
patients with both clonal as well as non-clonal 'polycythemia’ along with ET, in which analysis
groups were developed based on both retrospective and possible evaluations of clinical
information, bone marrow histology, as well as other essential lab parameters. BV was gauged by
a semi-automated system that uses 1311-tagged human product aloumin and RCM was figured out
using whole body hematocrit®®. Results were shared in reference to body surface as well as
analyzed complying with the published recommendations of the ICSH®“). RCM measurement had
76% level of sensitivity in the diagnosis of PV, as well as 79% specificity in distinguishing PV
from AP. Moreover, in none of the patients with PV was the details from RCM measurement found
to be of added analysis worth. The observations from this study underscore that PV is a biological
and not a measurable entity, and that it is related to distinct bone marrow histological functions

that have actually been conspicuously ignored as analysis devices®>59),

SPECIALIZED TESTS FOR THE DIAGNOSIS OF POLYCYTHEMIA VERA
Polycythemia rubra vera-1 assay

Polycythemia rubra vera-1 (PRV-1) belongs to the UPAR receptor superfamily®”5®. In humans,
PRV-1 is precisely shared in the fetal liver and bone marrow; namely in megakaryocyte precursors
as well as cells of myeloid beginning®”. Given that the initial summary of the upregulation of
neutrophil PRV-1 expression in PV®), the incident of a comparable sensation has been
demonstrated, at variable rates, in other myeloid malignancies including ET,®%) MMM, 575967
chronic myeloid leukemia (CML),575967.68) AML,®" and also myelodysplastic syndrome
(MDS)®6788) " In addition, neutrophil PRV-1 expression has been examined in a number of
responsive conditions, including SP, responsive thrombocytosis, as well as second
leukocytosis®®6264.6567.68) Generally, these research studies have divulged a solid organization in
between neutrophil PRV-1 overexpression and also PV that is neither invariable (examination
sensitivity varies from 69 to 100%) 763648667 nor special (a substantial minority of patients with
MMM along with 17-67% of patients with ET additionally show the specific

abnormality)(®963:64.67),

At first, PRV-1 expression was measured semi-quantitatively by either Northern blot analysis57
or RT-PCR®9, Subsequently, a real-time RT-PCR method was developed ©? as well as this
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measurable assay has actually considering that been used extensively®>%®, The last technique was
made use of most recently in two huge studies involving an overall of 235 patients with Philly-
adverse MPD in one 7 and 142 patients with both regular and also atypical MPD in the other
study. Both research studies verified the suboptimal performance of the PRV-1 assay when it come
to PV diagnosis with examination level of sensitivity and specificity that ranged from ©87 to 60-
85%, specifically.®” These two research studies likewise confirmed the event of boosted
neutrophil PRV-1 expression in a variable percentage of patients with both atypical as well as
typical MPD. One of the two studies showed a medically valuable relationship in between PRV-1
expression and leukocyte alkaline phosphatase (LAP) score that increased the issue of added worth

relating to consideration of the specific assay as a new analysis test.

Platelet-rich plasma serotonin assay

Blood serotonin is stored in the dense bodies of megakaryocytes and platelets®®®’®. The content of
these dense bodies, including that of serotonin, has been shown to be decreased in patients with
MPD(Y_ Intraplatelet serotonin content is readily measured by various conventional laboratory
methods, including enzyme-linked immunosorbent assay (ELISA) and fluorescence-based
immunocytochemical assay>"®. The use of such assays has disclosed a significant difference in
platelet serotonin content between ET and reactive thrombocytosis?*7). Based on these
preliminary data, an ELISA-based evaluation of platelet-rich plasma (PRP) serotonin
concentration was studied in a prospective study of 109 subjects with PV, ET, MMM, and SP.

(7). The results disclosed, in the absence of active therapy with a selective serotonin reuptake
inhibitor, markedly decreased PRP serotonin levels in MMM and PV with minimal overlap of
values compared to either normal controls or patients with SP. PRP serotonin levels were also
significantly less in patients with ET but a few patients displayed normal values as well. In the
particular study, PRP serotonin measurement performed better than the PRV-1 assay in

distinguishing PV from SP (93 versus 86% test accuracy)(®).

Endogenous erythroid colony growth assay

Endogenous (spontaneous, growth factor-independent) artificial insemination erythroid colonies

(EEC) are not seen in either normal subjects or reactive myeloproliferation”. The certain
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phenomenon is mainly seen in PV (/® yet can additionally be seen in a proportion of patients with
either ET (™ or MMM, For that reason, the particular assay cannot compare PV and also ET yet
lugs a high degree of favorable predictive worth for detecting PV as opposed to SP®023),
Nonetheless, an adverse test does not always omit the diagnosis of PV as well as the inconsistency
in the literary works in relation to examine level of sensitivity might not, necessarily, be attributed

to technical differences®¥,

Megakaryocyte/platelet Mpl expression

The sensation of a significant decline in megakaryocyte/platelet Mpl expression wasted initially
reported in ET®® and later on in PV86 as well as other MPD®"). Subsequent research studies
exposed marked heterogeneity, amongst PV patients, of Mpl expression in numerous cell kinds,
consisting of myeloid progenitors, megakaryocytes, as well as platelets.88- 90 Furthermore, a
current study contrasted the performance of the Mpl assay to that of EEC as well as PRV-1 with
reported examination sensitivities of 30, 100, and 91%, respectively®. As a result, it is unlikely

that the particular assay will certainly play a significant duty in PV diagnostics.

The JAK2V617F tyrosine kinase mutation

Several groups have separately explained the frequent incident of an obtained JAK2V617F
mutation in PV, ET, MMM in addition to less regularly in atypical MPD and MDS®*_ In one
study specifically, where an extremely sensitive allele-specific PCR strategy was used, the details
mutation was reported to be present in granulocytes from 71 of 73 PV patients (97%) however
absent in all 90 controls tested®?. In a survey of six research studies, where the specific mutation
was examined in traditional MPD, the mutational frequencies varied from 65 to 97% in PV, 23-
57% in ET, and also 35-57% in MMM®©¥9%97)_ Tq date, JAK2V617F has not been discovered in
regular controls. Nonetheless, a range of irregular MPD also display JAK2V617F in a minority of
damaged patients. Therefore, mutation screening for JAK2V617F would certainly have neither the
sensitivity neither specificity to differentiate PV from various other MPD. On the other hand, its
prospective analysis utility in distinguishing PV from SP was recommended by 2 other researches

that showed the absence of the anomaly in additional erythrocytosis®%.

A DIAGNOSTIC ALGORITHM FOR POLYCYTHEMIA VERA

When should polycythemia vera be suspected?
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Although PV is typically believed in the presence of an ‘enhanced’ venous Hct, the diagnosis has
to be captivated in the presence of PV-characteristic clinical attributes (e.g. a thrombotic occasion,
aquagenic pruritus, splenomegaly, erythromelalgia or various other symptoms of acral ischemia,
leukocytosis, thrombocytosis, or microcytosis that relates to iron shortage) also when the Hct is
within the 'typical variety', because reference varieties do not take individual standard worths into
account. This is particularly crucial when it comes to inapparent polycythemia, when the Hct may
show up typical regardless of the presence of an increased RCM from PV, as a result of a
concomitant increase in plasma quantity connected with marked splenomegaly®®. The diagnosis
of PV should likewise be taken into consideration in the presence of a documented rise in a person's
Hct from standard no matter the outright worth. Because such possible changes from baseline are
biologically essential and are not constantly detected by a referral range-based metrics system, this
is. It is this extremely principle that has actually thwarted acknowledgment by advocates of the
RCM measurement for the diagnosis of PV.

Initial laboratory tests for suspected polycythemia vera

The very first line collection of tests for the analysis assessment of PV must include serum Epo
level and LAP score. A high serum Epo level makes the diagnosis of PV extremely not likely©®109,
In one recent research study, none of 99 patients with PV presented an increased serum Epo
level®®, By contrast, a reduced serum Epo degree is very suggestive of the diagnosis (test
sensitivity and specificity over 90 as well as 95%, specifically) and also mandates bone marrow
examination®®1%9_ A good personal as well as family history ought to deal with the fighting chance
of genetic polycythemia connected with an Epo receptor anomaly, which could also be associated
with a reduced serum Epo level®. A 'normal' lotion Epo neither eliminate the possibility of PV
neither necessarily mandates bone marrow examination®®%_ In such an instance, bone marrow
examination is recommended only in the visibility of either a raised LAP score or a PV- particular

attribute .

Bone marrow examination is the most useful laboratory test for confirming a
diagnosis of polycythemia vera and often obviates the need for specialized
biological assays

A bone marrow exam, when suggested inning accordance with referrals detailed in previous

sections, must constantly be accompanied by cytogenetic researches. Particular bone marrow
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histological attributes of PV include both numerical as well as morphological abnormalities of
megakaryocytes consisting of cluster formation, increased reticulin fibrosis, and bone marrow
hypercellularity®®. Cytogenetic irregularities are identified in just 13-18% of situations with PV
at diagnosis and are therefore not really helpful for analysis functions®®?. Regardless, in the
visibility of an experienced clinical hematopathologist, the distinction between PV and also non-
clonal polycythemia is usually secured by the exam of the bone marrow histology and making use
of specialized diagnostic assays, here, is hardly ever required.

The analysis worth of bone marrow examination in PV is greatly boosted by adding cytogenetic
research studies and also anomaly testing for JAK2V617F . The data from the abovementioned
studies plainly established a web link in between JAK2V617F as well as bcr/ abl-negative, timeless
MPDE9597) ' Sq far, the particular mutation appears to occur in the majority of patients with PV
along with in a substantial percentage of those with either ET or MMM. Two other studies have
actually shown the infrequent (0-25%) event of JAK2V617F in atypical MPD as well as
MDS®¢7_ By contrast, JAK2V617F, today, has not been found in either regular controls or

patients with additional erythrocytosis.

Numerous research studies are currently continuous to verify the results of the abovementioned
research studies on JAK2V617F. Based on existing info, the research laboratory detection of
JAK2V617F, either in bone marrow or outer blood myeloid cells, is very suggestive of a clonal
MPD as opposed to responsive myeloproliferation such as second erythrocytosis. Therefore,
anomaly screening for JAK2V617F ought to give added diagnostic details within the context of
current analysis algorithms for PV and also ET . Ultimately, the currently readily available
specialized organic assays in PV are not extensively readily available for routine clinical use as
well as their interpretation in an individual patient need to always remain in the context of other

clinical and laboratory findings.

Conclusion

Physicians have for many years relied upon dimension of the RCM for the diagnosis of PV.
Quantitative reference varieties are utilized to define normality, as a needed examination for the
diagnosis of PV. To date, no systematic evidence sustains such technique as well as novel

diagnostic assays, which are based upon disease biology, are being created and also their clinical
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energy verified. At the same time, RCM measurement is a technically requiring procedure that is
tough to standardize as well as several research laboratories have abandoned the test. Rather, most
of hematologists utilize a mix of lotion erythropoietin level as well as bone marrow histology
making a working diagnosis of PV(%), Throughout the years, the yearly regularity of RCM
examination getting at the Mayo Center has decreased from over 400 per year to the existing level
of less than 10 annually. There is no proof that this modification in practice has resulted in either
a lower yearly occurrence of situations seen or enhanced disease morbidity. Rather, a recent
retrospective study from the exact same institution divulged suboptimal diagnostic precision
connected to RCM dimension regardless of the utilization of contemporary techniques of outcome
interpretation. No matter, it is just a matter of time prior to an unquestionable molecular pen for
PV is determined and the controversy over RCM dimension ends up being immaterial. Additional
assistance for this contention is offered by the current summary of an MPD-specific JAK2 anomaly
(JAK2V617F), which occurs most of patients with PV but not in those with various other causes
of polycythemia®-%4,
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