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Secondary causes of elevated hemoglobin in patients
undergoing molecular testing for suspected polycythemia
vera in southwestern Ontario: a chart review
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Background: Molecular testing for JAK2 mutations is part of the standard diagnostic workup for patients with suspected polycy-
themia vera. We sought to characterize evolving practice patterns in the investigation of erythrocytosis and the prevalence of second-
ary causes, including use of medications such as sodium—glucose cotransporter-2 (SGLT2) inhibitors, among patients who under-
went molecular testing.

Methods: We reviewed charts of all consecutive patients investigated for erythrocytosis (hemoglobin > 160 g/L for women, > 165 g/L
for men) with JAK2 testing between 2015 and 2021 at London Health Sciences Centre, a tertiary referral centre in Ontario,
Canada, to assess changes in rates of JAK2 mutation positivity, average hemoglobin levels and the prevalence of secondary
causes of erythrocytosis.

Results: A total of 891 patients with erythrocytosis underwent JAK2 mutation testing with an increase in number of tests (particularly
from 2017 to 2018), a decrease in the rate of JAK2 positivity and similar average hemoglobin levels over the study period. We observed
a high proportion of patients with secondary causes of erythrocytosis, ranging from 59% to 74% over the study period, including medica-
tions associated with erythrocytosis, namely testosterone (6%—11%) and SGLT2 inhibitors (2%—19%). Stopping SGLT2 inhibitors was
associated with a significant decrease in hemoglobin levels (mean —14.7 g/L, 95% confidence interval —18.9 to —10.5 g/L) compared
with continuation.

Interpretation: Use of SGLT2 inhibitors may be a common and underrecognized secondary cause of elevated hemoglobin levels in
patients investigated for erythrocytosis. Our findings underscore the importance of a detailed medical history to support judicious use
of molecular testing, in adherence with the current guideline on the investigation of erythrocytosis.

rythrocytosis is defined as a concentration of red
blood cells higher than age- and sex-specific refer-
ence ranges, most commonly measured as an increase
in the hemoglobin level or hematocrit. Since the identifica-
tion of the 74K2 V617F mutation in patients with polycy-
themia vera in 2005," molecular testing of the 74K2 gene has
become part of the standard diagnostic workup for patients
presenting with erythrocytosis. The increasing availability of
molecular diagnostics and a decrease in hemoglobin thresh-
olds (> 160 g/L for women, > 165 g/L for men) required to
diagnose polycythemia vera in the revised 2016 World
Health Organization (WHO) classification’ are 2 potential
factors driving increased use of molecular testing in patients
with erythrocytosis.?
Secondary causes of erythrocytosis — such as smoking,
hypoxic lung diseases and medications — are more common
than polycythemia vera, and current literature supports first
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excluding these causes by taking a thorough medical history
and by focused investigations, including serum erythropoietin
levels, before performing molecular testing.* Despite these
recommendations, in practice, this work-up is often per-
formed concurrently with molecular testing, which can carry
substantial health care costs.

The primary objective of this study was to characterize
practice patterns in the investigation of erythrocytosis at our
centre, focusing on the use of molecular testing for 74K2
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mutations in a real-world cohort of patients referred for ele-
vated hemoglobin levels. We hypothesized that an increase in
molecular testing from 2015 to 2021 might have resulted
from the lower hemoglobin thresholds in the revised 2016
WHO diagnostic criteria for polycythemia vera or from
improved access to JAK?2 testing. A secondary objective was to
assess the prevalence of secondary causes of erythrocytosis in
patients who underwent 74K?2 testing, including use of testos-
terone and sodium-glucose cotransporter-2 (SGLT2) inhib-
itors (both established but potentially underrecognized sec-
ondary causes of erythrocytosis).**

Setting and study design

We conducted this study at London Health Sciences Centre,
a tertiary referral centre that serves a population of about
2 million people in southwestern Ontario, Canada.

We retrospectively reviewed charts from all consecutive
patients aged 18 years or older who were investigated at our
centre for erythrocytosis (hemoglobin > 160 g/L for women,
> 165 g/L for men) with 74K2 mutation testing between Aug. 1,
2015, and May 20, 2021. We selected the study period based on
the availability of data for 74K2 mutation testing. All tests were
conducted in the Molecular Diagnostics Division at London
Health Sciences Centre and data were available for all padents
who underwent testing during the specified time period; there-
fore, we were able to capture all tests in our study.

Chart review was performed in triplicate, with a minimum
of 3 study authors reviewing each chart, including at least
1 hematology specialist (B.C.-Y., A.L.-L., L.C.-Y., CH.). We
completed a detailed data collection form for each case,
including patient demographics, comorbidities and medica-
tion history.

Molecular analysis
Between 2015 and 2017, 74K2 mutation testing was per-

formed by quantitative polymerase chain reaction (QPCR)
using the Roche 480 LightCycler (La Roche AG). Between
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2018 and 2020, this testing was done by single nucleotide poly-
morphism (SNP) allelotyping using the Agena MassARRAY
system (Agena Biosciences) or next-generation sequencing
(NGS) using the Oncomine Myeloid Research Assay
(ThermoFisher Scientific). Specifically, qPCR and SNP
allelotyping assays detected the 74K2 V617F mutation; the
NGS assay detected any 7AK2 mutations, including V617F
and mutations in exons 12-15.

Data collection

We performed a chart review to extract laboratory and clinical
data, including hemoglobin levels and information on medical
comorbidities and medications, with a focus on known sec-

ondary causes of erythrocytosis.

Statistical analysis

We performed statistical analysis in R (version 4.1.0) using
the Fisher exact test and the Mann-Whitney U test. We
tested differences in hemoglobin by the Mann-Whitney
U test, but used the parametric ¢-distribution approach to
construct 95% confidence intervals (Cls). We also conducted
an analysis of patients who underwent molecular testing for
isolated thrombocytosis for direct comparison of key factors
such as exposure to SGL'T?2 inhibitors and testosterone.

Ethics approval

This study was approved by the Research Ethics Boards at
Western University (no. 118139) and the Lawson Research
Institute (no. 10750).

A total of 891 consecutive patients with erythrocytosis under-
went 74AK2 mutation testing at our institution from Aug. 1,
2015, to May 20, 2021. Patient characteristics are shown in
Table 1. The number of patients who underwent 74K2
mutation testing increased over the study period, with a
decline in the positive detection rate; 8 (27.6%) of 29 patients
in 2015, 15 (16.0%) of 94 patients in 2016, 15 (15.0%) of

Table 1: Patient characteristics at baseline

Men Women Total
Characteristic n =644 n =247 n =891
Age,* yr, mean + SD 58 + 14 61+14 59+ 14
Height, cm, mean + SD 176 + 8 1617 172 £ 10
Weight, kg, mean + SD 97 + 21 80 + 20 92 + 22
BMI, mean = SD 31+6 31+8 31+7
Hemoglobin, g/L, mean + SD 180 + 11 171 £10 177 £ 11
Hematocrit, L/L, mean + SD 0.54+0.04 052+0.04 0.53+0.04
Leukocytes, x 10° cells/L, mean + SD 8.9+3.6 9.6 4.0 9.1+37
Platelets, x 10° cells/L, mean + SD 250 + 144 326 + 217 271 £ 171
Note: BMI = body mass index, SD = standard deviation.
*Age was determined at the time of molecular testing.
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100 patients in 2017, 29 (13.4%) of 216 patients in 2018, 19
(9.7%) of 195 patients in 2019, 14 (7.8%) of 180 patients in
2020 and 6 (7.8%) of 77 patients in 2021 tested positive
(Figure 1A). The average hemoglobin levels in patients with
erythrocytosis who underwent testing remained similar
across the study period (average 167-173 g/L for women,
179-181 g/L for men; Figure 1B).

In our cohort of patients who underwent molecular test-
ing, the proportion with documented secondary causes of

erythrocytosis was consistently high, ranging from 59% to
75% between 2015 and 2021. Secondary causes included
smoking, chronic obstructive pulmonary disease, obstructive
sleep apnea, other hypoxic lung disease, erythropoietin-
secreting tumour or medications (Table 2). We observed an
increase in the use of SGL'T2 inhibitors among patients who
underwent 7AK?2 testing, with 0 (0.0%) of 29 patients in 2015,
2 (2.1%) of 94 patients in 2016, 13 (13.0%) of 100 patients in
2017, 17 (7.9%) of 216 patients in 2018, 18 (9.2%) of
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Figure 1: (A) Number of patients and JAK2 positivity rates between 2015 and 2021. (B) Average hemoglobin levels for men and women tested
for JAK2 mutations each year. *2015 includes only patients tested from Aug. 1 to Dec. 31, 2015. 12021 includes only patients tested from Jan. 1

to May 20, 2021.

Table 2: Secondary causes of erythrocytosis, stratified by presence of JAK2 mutation
No. of patients
Positive for JAK2 Negative for
mutation JAK2 mutation
Cause* n =106 n=785 p value
Smoking 25 (23.6) 319 (40.6) < 0.001
OSA 6 (5.7) 251 (32.0) < 0.001
COPD 5(4.7) 107 (13.6) 0.007
Other hypoxic lung diseases 6 (5.7) 83 (10.6) 0.12
SGLT2 inhibitors 2(1.9) 95 (12.1) < 0.001
Testosterone use 1(0.9) 73 (9.3) 0.001
EPO-secreting tumour 0 (0.0) 5(0.6) 1.0
Note: COPD = chronic obstructive pulmonary disease, EPO = erythropoietin, OSA = obstructive sleep apnea,
SGLT2 = sodium—glucose cotransporter-2.
*Patients may have more than 1 secondary cause.
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195 patients in 2019, 32 (17.8%) of 180 patients in 2020 and
15 (19.5%) of 77 patients in 2021 using SGLT2 inhibitors.
"The proportion of patients on testosterone was relatively con-
stant at 2 (6.9%) of 29 patients in 2015, 10 (10.6%) of
94 patients in 2016, 7 (7.0%) of 100 patients in 2017, 22
(10.2%) of 216 patients in 2018, 15 (7.7%) of 195 patients in
2019, 14 (7.8%) of 180 patients in 2020 and 5 (6.5%) of
77 patients in 2021. Rates of SGL'T? inhibitor and testoster-
one use were significantly higher among 74K2-negative
patients than among 74K2-positive patients (p < 0.001 for
SGLT?2 inhibitors; p = 0.001 for testosterone) (Table 2).

To ascertain if this observation was specific to patients
with erythrocytosis, we also reviewed data for all patients who
underwent molecular testing for isolated thrombocytosis
(platelet count > 450 x 10°/L) from 2018 to 2021; 5 (1.1%) of
446 patients with isolated thrombocytosis were on SGLT?2
inhibitors, compared with 82 (12.3%) of 668 patients with
erythrocytosis during the same time period (p < 0.001). Like-
wise, a significantly lower proportion of patients with throm-
bocytosis (1 = 2 [0.4%]) were on testosterone, compared with
patients with erythrocytosis (1 = 55 [8.2%], p < 0.001).

Of note, 2 patients on SGLT2 inhibitors were found to
have 74K2 V/617F mutations and received diagnoses of poly-
cythemia vera. Although their hemoglobin levels (both
170 g/L) were similar at presentation to the average of this
cohort, both patients also had thrombocytosis, and one had
leukocytosis and associated symptoms suggestive of a myelo-
proliferative neoplasm, including aquagenic pruritus and
unexplained weight loss. To evaluate the impact of SGLT?2
inhibitors on erythrocytosis, we reviewed all remaining
patients on SGLT2 inhibitors in the cohort (1 = 95). Follow-
up data were available for 91 patients. Sixteen patients had
confounding factors, such as phlebotomy, acute illness or
other drug-induced causes (e.g., testosterone), which pre-
cluded evaluation of follow-up hemoglobin levels. Of the
remaining 75 patients, 15 (20.0%) stopped the SGLT?2 inhib-
itor and 60 (80.0%) continued the medication. The average
difference between the hemoglobin level at the time of refer-
ral and the maximum hemoglobin level during follow-up was
-14.7 (95% CI -18.9 to —10.5) g/L for those who stopped
SGLT?2 inhibitors and 0.22 (95% CI -1.77 to 2.33) g/L for
those who continued these medications (p < 0.001).

In this study, we found changing patterns in the investigation of
erythrocytosis in a real-world population, indicating an increase
in molecular testing over time, with a decline in the detection
rate of 74K2 mutations. Although we initially hypothesized that
an increase in 74K2 testing may have resulted from a change in
the WHO diagnostic criteria in 2016, the average hemoglobin
levels among tested patients remained relatively constant over
the study period, suggesting that the main drivers of increased
testing were likely related to increased awareness of and access-
ibility to molecular diagnostics. Indeed, in 2018 the myeloid
NGS panel was introduced into practice at our centre, and this
increased availability of testing may have been a major factor
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behind the change in number of tests over time. This is further
supported by the high proportion of patients with documented
secondary causes of erythrocytosis who underwent molecular
testing over the study period.

We also found an increase in the use of SGLT2 inhibitors
among patients with erythrocytosis who underwent 74K2
mutation testing. This finding confirms previous clinical obser-
vations by our group,’® and has since also been reported in
another single-centre retrospective study, which identified
30 patients with SGLT?2 inhibitor-induced erythrocytosis.”
These drugs are known to cause an increase in hemoglobin
levels, an effect noted in initial clinical trials and hypothesized
to contribute to their cardioprotective effects.®’ The mechan-
isms of SGL'T?2 inhibitor—induced erythrocytosis remain to be
elucidated but have been postulated to include hemoconcentra-
tion due to mild diuretic effect, modulation of iron metabolism
by suppression of hepcidin'® and to stimulation of renal eryth-
ropoietin production.!' In a posthoc analysis of the EMPA-
REG OUTCOME trial, a mean increase in hemoglobin of
8 g/L was observed among patients who used empagliflozin.’
Literature on more severe cases of erythrocytosis associated
with SGLT?2 inhibitor use is limited to a small number of case
reports;'>* however, the findings of our study suggest that this
may be a more widespread phenomenon and that SGLT2
inhibitors may be a significant, underrecognized cause of drug-
induced erythrocytosis. Indeed, at our centre we have noted an
increase in referrals for patients with erythrocytosis on SGLT?2
inhibitors.® Sodium—glucose cotransporter-2 inhibitors are a
class of medications that are increasingly prescribed based on
evidence of improved cardiovascular and renal outcomes;!”
indications for their use have expanded beyond type 2 diabetes
mellitus to also include chronic kidney disease and heart fail-
ure.'® Considering this growing use, health care providers
should be aware of the potential for SGLT?2 inhibitors to cause
elevations in hemoglobin level to help limit overinvestigation of
patients with drug-induced erythrocytosis.

Molecular testing has revolutionized the diagnosis of poly-
cythemia vera, but is associated with substantial costs, ranging
from about $350 for 7AK2 V61 7F targeted assays (e.g., qQPCR)
to $1000 for screening assays by NGS panel. Our findings
suggest that increased access to molecular diagnostics has
been accompanied by less discriminate use. The high propor-
tion of patients tested for 74K2 mutations with suspected sec-
ondary causes of erythrocytosis underscores the importance of
a detailed medical history and a medication review to support
more judicious use of molecular testing. Medications associ-
ated with erythrocytosis, such as testosterone or SGLT2
inhibitors, are common, were used in around 20% of patients
in our cohort and are easily identified from the history. In
such cases, a diagnostic or therapeutic trial of holding these
medications should be considered, with molecular testing
reserved for patients who do not respond. Data from our
study suggest that stopping SGLT2 inhibitors was associated
with a reduction and often normalization of hemoglobin lev-
els, consistent with previous reports.'* Decisions to hold or
stop these drugs should be made in collaboration with a
patient’s primary care physician or endocrinologist.
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Limitations

We conducted this retrospective study at a single tertiary care
centre in southwestern Ontario, Canada; practice patterns and
access to molecular testing vary across Canada and our findings
may not be generalizable. Data included partial years in 2015
and 2021. Our study included patients who had 74K2 mutation
testing by either NGS panel or targeted assays; the role of each
method in the diagnostic work-up of erythrocytosis remains to
be defined, but given the higher cost of NGS, prioritizing tar-
geted assays may offer another means of reducing costs in the
investigation of patients with suspected polycythemia vera. We
only included patients with elevated hemoglobin levels who
underwent 74K2 testing. We did not include all patients
referred for erythrocytosis and, thus, were unable to measure a
change in volume of referrals or the proportion of referred
patients who went on to have molecular testing. Measuring
changes in referral volumes — as well as rates of 74K?2 testing,
stratified by erythrocytosis severity — may have provided a bet-
ter means of ascertaining the impact of the change in WHO
diagnostic criteria on the investigation of suspected polycy-
themia vera. Although we inferred less discriminate use of
molecular testing from the high proportion of patients tested
with known secondary causes of erythrocytosis, the presence of
secondary causes does not exclude a diagnosis of polycythemia
vera, as observed in several patients in our cohort. These find-
ings reinforce the need for an individualized approach to the
investigation of erythrocytosis, guided by a focused history
(including medication review) and adapted based on the results
of ancillary testing and medication adjustments.

Conclusion

Our study showed an increase in 74K2 mutation testing
among patients with elevated hemoglobin levels from 2015 to
2021. This increase in molecular testing included a large pro-
portion of patients with known secondary causes of erythrocy-
tosis, many of whom were on SGLT?2 inhibitors. These find-
ings can help increase awareness among providers of
established and emerging secondary causes of erythrocytosis
that are commonly encountered in practice and may be used
in the development of more rational approaches to molecular
testing, thus improving resource stewardship and lowering
health care costs.
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