
UC San Diego
UC San Diego Previously Published Works

Title
Discordant pathologic diagnoses of myelodysplastic neoplasms and their implications for 
registries and therapies.

Permalink
https://escholarship.org/uc/item/5kn0r7wb

Journal
Blood Advances, 7(20)

Authors
Gore, Steven
Kroft, Steven
Harrington, Alexandra
et al.

Publication Date
2023-10-24

DOI
10.1182/bloodadvances.2023010061
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/5kn0r7wb
https://escholarship.org/uc/item/5kn0r7wb#author
https://escholarship.org
http://www.cdlib.org/


Submitted 23 February 2023; accepted 17 J
Advances First Edition 8 Augu
bloodadvances.2023010061.

*A.E.D. and M.A.S. are joint senior authors.

Data from the National MDS Study may
thenationalmdsstudy.net/. Using the MDS In

REGULAR ARTICLE

6120
Discordant pathologic diagnoses of myelodysplastic neoplasms and
their implications for registries and therapies
Edward J. Gorak,1 Michael Otterstatter,2 Tareq Al Baghdadi,3 Nancy Gillis,4 James M. Foran,5 Jane Jijun Liu,6 Rafael Bejar,7

Steven D. Gore,8 Steven H. Kroft,9 Alexandra Harrington,9 Wael Saber,9 Daniel Starczynowski,10 Dana E. Rollison,4 Ling Zhang,4

Lynn Moscinski,4 Steffanie Wilson,2 Jason Thompson,2 Christine Borchert,2 Seth Sherman,2 Donnie Hebert,2 Mary Ellen Walker,4

Eric Padron,4 Amy E. DeZern,11,* and Mikkael A. Sekeres12,*
1Division of Cancer Medicine, Baptist MD Anderson Cancer Center, Jacksonville, FL; 2The Emmes Corporation, Rockville, MD; 3IHA Hematology Oncology, Ypsilanti, MI;
4Department of Cancer Epidemiology, Moffitt Cancer Center, Tampa, FL; 5Department of Hematology, Mayo Clinic, Jacksonville, FL; 6Illinois CancerCare, Peoria, IL; 7Moores
Cancer Center, University of California San Diego, La Jolla, CA; 8National Cancer Institute, Bethesda, MD; 9Division of Hematology & Oncology, Medical College of
Wisconsin, Milwaukee, WI; 10Division of Experimental Hematology and Cancer Biology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH; 11Sidney Kimmel
Cancer Center, Johns Hopkins University, Baltimore, MD; and 12Sylvester Comprehensive Cancer Center, University of Miami, Miami, FL
Key Points

• Pathologic diagnosis of
MDS can be
challenging because of
variability in
interpretation of
morphology and
quantification of
dysplasia.

• Misdiagnosis can lead
to suboptimal
treatment decisions
and errors in
population-based
estimates of MDS
incidence and
mortality.
Myelodysplastic neoplasms (MDS) are a collection of hematopoietic disorders with widely

variable prognoses and treatment options. Accurate pathologic diagnoses present

challenges because of interobserver variability in interpreting morphology and quantifying

dysplasia. We compared local clinical site diagnoses with central, adjudicated review from

918 participants enrolled in the ongoing National Heart, Lung, and Blood Institute National

MDS Natural History Study, a prospective observational cohort study of participants with

suspected MDS or MDS/myeloproliferative neoplasms (MPNs). Locally, 264 (29%) were

diagnosed as having MDS, 15 (2%) MDS/MPN overlap, 62 (7%) idiopathic cytopenia of

undetermined significance (ICUS), 0 (0%) acute myeloid leukemia (AML) with <30% blasts,

and 577 (63%) as other. Approximately one-third of cases were reclassified after central

review, with 266 (29%) diagnosed as MDS, 45 (5%) MDS/MPN overlap, 49 (5%) ICUS, 15 (2%)

AML with <30%, and 543 (59%) as other. Site miscoding errors accounted for more than half

(53%) of the local misdiagnoses, leaving a true misdiagnosis rate of 15% overall, 21% for

MDS. Therapies were reported in 37% of patients, including 43% of patients with MDS, 49%

of patients with MDS/MPN, and 86% of patients with AML with <30% blasts. Treatment rates

were lower (25%) in cases with true discordance in diagnosis compared with those for

whom local and central diagnoses agreed (40%), and receipt of inappropriate therapy

occurred in 7% of misdiagnosed cases. Discordant diagnoses were frequent, which has

implications for the accuracy of study-related and national registries and can lead to

inappropriate therapy. This trial was registered at www.clinicaltrials.gov as #NCT05074550.

Introduction

The myelodysplastic neoplasms (MDS) are a heterogeneous collection of clonal, neoplastic hemato-
poietic disorders with widely variable prognoses and a propensity to evolve to acute myeloid leukemia
uly 2023; prepublished online on Blood
st 2023. https://doi.org/10.1182/

be explored and requested at https://
teractive Inventory Browser, a dynamic

publicly accessible database query tool, cohorts of interest can be identified and
requested based on the availability of clinical, laboratory, and genetic data.

The full-text version of this article contains a data supplement.

Licensed under Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International (CC BY-NC-ND 4.0), permitting only noncommercial, nonderiva-
tive use with attribution. All other rights reserved.
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(AML). MDS is diagnosed in 3.6 per 100 000 people in the United
States yearly, translating to ~20 000 new cases.1 Median survival
ranges from approximately a decade to <1 year2 for patients with
lower- vs higher-risk MDS (per the revised International Prognostic
Scoring System [IPSS-R]2,3), respectively. Treatment is deter-
mined based on disease severity, predominating cytopenia, and
patient goals, and can vary from supportive care to hematopoietic
cell transplantation.4,5 Thus, making a precise diagnosis, and dis-
tinguishing MDS from benign mimics or other myeloid malig-
nancies, is critical.

The most widely accepted pathologic classification for myeloid
neoplasms and acute leukemia, enumerated by the World Health
Organization (WHO), has traditionally been based on bone marrow
morphology6 although it has recently undergone a revision, iden-
tifying subtypes by genetic abnormalities.7 Despite the strict
guidelines governing MDS diagnoses, accurate pathologic
assessment presents challenges because of interobserver vari-
ability in interpreting morphology, blast percentage, and difficulties
in quantifying dysplasia. This may also affect the accuracy of
population-based data from cancer registries such as the Surveil-
lance, Epidemiology, and End Results program.8 Although defini-
tions of MDS are evolving with incorporation of molecular
mutations, mutation testing methods are not uniform. Previous
single-center studies have shown disagreements between initial
and subsequent MDS bone marrow reviews in up to one-quarter of
patient samples.9

The National Heart, Lung, and Blood Institute (NHLBI) National
MDS Natural History Study (NCT02775383) is an ongoing pro-
spective cohort study conducted across 144 sites in the United
States and Israel intended to establish a data and biospecimen
repository to advance the understanding of MDS.10 Patients are
enrolled at the time that they are suspected of having MDS or have
been diagnosed with de novo or therapy-related MDS within the
past 12 months and are having a bone marrow biopsy performed
as part of routine care. A diagnosis of MDS, related malignancies,
or other causes of cytopenias is made by a local pathologist, using
WHO 2016 classifications, and then confirmed or refuted by study-
affiliated central pathologists who review bone marrow specimens,
and clinical and laboratory data. Thus, the study provides a unique
opportunity to rigorously compare initial and subsequent bone
marrow reviews, with additional tertiary reviews to adjudicate
disagreements.

In this study, we compared initial, local MDS diagnoses with cen-
tral, adjudicated review to quantify rates and degrees of clinically
meaningful differences between broad disease categories. We
further determined whether diagnostic misclassification affected
the therapy received.

Methods

Patient eligibility

The NHLBI MDS Natural History Study protocol is approved through
the National Cancer Institute central institutional review board, and
informed consent was obtained from all patients before participation.
Patients who were eligible were selected from those in the ongoing
study with enrollment dates from June 2016 to 27 March 2020,
when enrollment was paused because of the COVID-19 pandemic.
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At enrollment, patients either underwent a bone marrow diagnostic
workup for suspicion of MDS, or had been diagnosed with de novo
or therapy-related MDS within the past 12-months, had not received
hematopoietic growth factors in the past 6-months, had not received
any other therapy for MDS, and were undergoing a bone marrow
diagnostic workup. Participants were excluded from the study if they
had a solid tumor or hematologic malignancy (except for in situ
cancers of the skin [basal or squamous cell], uterine cervix, bladder,
breast, or prostate) or had received radiotherapy or any nonhor-
monal treatment for cancer within 2 years of enrollment; had an
established hereditary bone marrow failure syndrome; or had
aplastic anemia, paroxysmal nocturnal hemoglobinuria, amegakar-
yocytic thrombocytopenic purpura, or isolated large granular
lymphocyte leukemia, as previously described.10 The decision to
perform diagnostic assays (eg, flow cytometry) was at the discretion
of the local provider. Similarly, evaluation of hereditary bone marrow
failure was done by the enrolling investigator based on the partic-
ipant’s clinical history. Cases were excluded if the local site diag-
nosis was not obtainable, or if a patient withdrew before central
review. Several assessments were performed at follow-up visits
including, but not limited to, laboratory evaluations, clinical assess-
ment, patient reported outcomes assessments, and treatment regi-
mens. Patient flow is described in the study CONSORT diagram
(https://thenationalmdsstudy.net/system/files/MDS_Consort_0.pdf)
and full details of patient eligibility criteria can be found in the study
protocol (https://thenationalmdsstudy.net/system/files/20220908_
MDS_NHLBI_PROTOCOL.pdf).

Study procedures

Histopathology review process. The complete histopathology
review process for a participant enrolled in this study and the data
and samples available at each review stage are illustrated in
Figure 1. In brief, local site staff submitted to the central laboratory
the local pathologist’s diagnosis (referred to as the "original local
diagnosis”) based on the WHO 2016 classification,7 in addition to
other source data, which can include targeted clinical history,
molecular or cytology assays, unstained bone marrow biopsies,
aspirates, and peripheral blood samples. Upon receipt, bone
marrow slides and peripheral blood smears were stained by the
central laboratory, and the central pathologist (L.Z. and L.M.)
conducted a review to determine diagnosis (referred to as the
“central diagnosis”). The central pathologist also validated the
diagnosis in the local pathology report (referred to as the “validated
local diagnosis”) prepared by the local pathologist against
the original local diagnosis submitted by site staff. In general, the
materials available to both the local and central pathologist were
the same except that the central pathologist also had access to the
local pathology report. In the original study design, the local
pathology report was made available to the central pathologist only
after the initial diagnosis was made, at which point the central
pathologist was permitted to change the diagnosis. Central
pathologists were unblinded to local pathology reports for the
entire central review process for any reviews conducted on or after
29 July 2019. The study did not have any requirements regarding
the certification or qualifications of locally employed pathologists.
We used a large number of sites to obtain a representative snap-
shot of centers, as well as the range of experience that exists
among pathologists, across the country. Because this is an
ongoing study, the protocol, CONSORT diagram, along with other
DIAGNOSES OF MYELODYSPLASTIC NEOPLASMS 6121
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Local Site enrolls eligible participant undergoing medically indicated bone marrow procedure
• Suspected MDS or MDS/MPN overlap disorders 
• Pathologic diagnosis of MDS within 12 months prior to enrollment and untreated

Samples and Data1 submitted by site staff to Central Pathologist
• Site-Submitted Diagnosis Considered Original Local Diagnosis

Central Validation of Original Local Diagnosis
• Considered Validated Local Diagnosis

Samples and data1 submitted to Tertiary Pathologist
• Tertiary Diagnosis Considered Final Study Diagnosis

Consensus diagnosis considered
Final Study Diagnosis

Agreement2 in Validated Local 
Diagnosis and Central

Diagnosis?

Local Site Pathologist makes diagnosis and
prepares Local Site Pathology Report

Central Pathologist makes
Central Diagnosis

Samples and data1 submitted to
Local Site Pathologist

No Yes

Availability

Local Site
Pathology Review

Samples and Data
Central

Pathology
Review

Tertiary
Pathology Review

Yes

1Samples and data include

3 PB unstained, 1 W/G stain

3 BM aspirate unstained, 1 W/G, 1 Prussian blue

Local Molecular Genetics

Local Cytogenetics (karyotyping and FISH)

Local Site Pathology Report

Central Molecular Genetics (Targeted Exon Sequencing)

Central Pathology Report

2Agreement defined as same diagnosis or difference in local site and central estimates of blast % <3%

MDS = Myelodysplastic Syndrome; MPN = Myeloproliferative Neoplasm, PB = Peripheral Blood; W/G = Wright-Giemsa; 
BM = Bone Marrow; H&E = Hematoxylin and Eosin; CL/B = Central Laboratory/Biorepository; N/A = not available

*Only included if the local site performed the assay as part of their standard of care

1 BM biopsy H&E stained, 1 unstained core section (if biopsied).

Yes

Yes Yes

Yes

Yes

YesYesN/A

N/A

No No No

N/A

Yes Yes

Yes

Yes

Yes*

Yes*

Yes* Yes*

Yes* Yes*

Figure 1. The National MDS Study pathology review flowchart.
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supporting documents/information can be found on the study
website (https://thenationalmdsstudy.net/mds-study-information).

Process for discrepant diagnoses. If the central diagnosis and
validated local diagnosis agreed in the broad disease diagnosis
(eg, both identified a case as MDS, regardless of MDS subtype),
then the consensus diagnosis was considered and referred to as
the “final study diagnosis.” If there was discordance between the
central diagnosis and validated local diagnosis (eg, a local diag-
nosis was benign cytopenia and a central diagnosis was MDS), an
independent, tertiary review was performed by 2 board-certified
hematopathologists to adjudicate the discrepancy, and whose
diagnosis was then considered the final study diagnosis. Tertiary
referral academic centers are the primary practices for the central
and tertiary pathologists whereas the local pathology practices are
more varied (mix of academic and community centers).

Initial comparisons between local and central pathologic diagnoses
relied on the diagnosis as coded on electronic reporting forms from
a local site, rather than the local pathology report. In cases of
disagreement identified using electronic reporting forms, the actual
local pathology report was assessed to determine whether dis-
crepancies between the local pathologist diagnosis and the central
pathologist diagnosis persisted. Hence, discrepancies in diagnosis
between local and central reviews were categorized as events in
which pathologists disagreed on diagnosis (disagreement between
the final study diagnosis and the validated local diagnosis), or
events in which pathologists agreed on diagnosis but a data entry
error at the local site miscoded the local pathologist’s diagnosis
(disagreement between the final study diagnosis and the original
local diagnosis). This type of data entry error, in which the original
local diagnosis as entered on the study case report form differed
from the local pathologist’s determination as recorded on the
pathology report, is referred to as a “site miscoding error.”

Final diagnoses and treatment. Local site and central pathol-
ogists classified patients into 1 of the following disease groups:
MDS, MDS/myeloproliferative neoplasm (MPN) overlap, idiopathic
cytopenia of undetermined significance (ICUS), AML with <30%
blasts without core binding factor or acute promyelocytic leukemia,
or an alternative diagnosis (defined as participants with AML with
≥30% blasts, nonmyeloid malignancies, or other cytopenia or
cancers). Only patients with a final study diagnosis of MDS, MDS/
MPN, ICUS, and AML with <30% blasts are enrolled into a lon-
gitudinal cohort for follow-up approximately every 6 months,
whereas patients with alternative diagnoses are assigned into a
cross-sectional cohort with no further follow-up expected. Because
of the study’s intent to not affect individual care decisions, local
sites were informed only of the assignment into the longitudinal or
cross-sectional cohort and not of the final study diagnosis. Patients
were expected to complete follow-up visits until the local site was
informed of the cohort assignment.

Data were also collected on therapies administered to patients
during follow-up. In general, these data were collected only for
patients assigned to the longitudinal cohort. However, therapy data
may have been collected for some cross-sectional participants with
alternative diagnoses whose cohort assignment was pending at the
time of the follow-up visit. A panel consisting of National MDS
Natural History Study steering committee members with significant
24 OCTOBER 2023 • VOLUME 7, NUMBER 20
clinical experience treating patients with MDS (E.J.G., A.E.D.,
T.A.B., W.S., and M.A.S.) was formed to assess the appropriate-
ness of therapies administered to study participants for whom there
was discordance in the validated local and final study diagnosis.
The appropriateness of therapies was evaluated based primarily on
the patient’s final study diagnosis but also based upon other
pathology, laboratory, and clinical data. Pairs of reviewers from the
panel were randomly assigned to each case and independently
made determinations of therapy appropriateness; a third reviewer
from the panel adjudicated assessments that differed between the
paired reviewers.

Statistical analysis

Frequencies and proportions of discrete demographic factors,
including sex, race, and ethnicity, and mean (standard deviations)
of continuous demographic factors were summarized by the final
study assignment categories. Proportions of cases classified into
each disease category were tabulated by local and central review
assignments. Concordance rates between local and central
assignment were summarized for all cases and by disease cate-
gory. κ statistics and 2-sided 95% confidence intervals (CIs) were
used to assess the level of agreement. Proportions were compared
using Fisher exact tests. A 2-sided significance level of .05 was
applied for all statistical tests to denote significance. All statistical
analyses were conducted using SAS version 9.4.11

Results

Patient characteristics

A total of 918 participants with MDS or suspected MDS who
underwent local and central pathology review were included in the
analysis. The number of participants as a percentage of the total
enrolled in the NHLBI MDS Natural History Study, by year, was:
2016, 100% (75/75); 2017, 99% (253/256); 2018, 97% (270/
279); 2019, 74% (252/342); 2020, 24% (68/281). The median
age was 72 years (range, 20-95) and the majority of participants
were male (n = 563, 61%), White (n = 829, 90%), and enrolled
from Midwestern states (n = 490, 53%), with Wisconsin contrib-
uting the highest percentage of participants (n = 180, 20%). Mean
(±standard deviation) blood counts before diagnosis were hemo-
globin of 10.8 (±2.4) g/dL, platelet count of 180.5 (±154.9) × 109/
L, and absolute neutrophil count of 3.1 (±3.6) × 109/L. Among
participants included in the longitudinal cohort (n = 375), the
median follow-up time was 2.3 years. There have been n = 188
deaths in this group to date. The vast majority of participants (94%,
n = 864) were enrolled at the time of diagnosis, whereas 6% (n =
54) were enrolled within 12 months of a previous diagnosis of
MDS. These 2 groups were similar in terms of their demographics
and final study diagnoses (supplemental Table 1). As expected,
those enrolled with a previous diagnosis of MDS were more likely
to have a final study diagnosis of MDS.

Based on diagnosis data entered locally by the sites, 264 patients
(29%) were diagnosed as having MDS, 15 (2%) MDS/MPN
overlap, 62 (7%) ICUS, 0 (0%) AML with <30%, and 577 (63%)
other (including 46 [5%] other AML [>30% blasts], 49 [5%] other
malignancies, and a remaining group of 482 [53%] with other
diagnoses; Table 1). After final central pathology review, this dis-
tribution shifted, with 266 (29%) diagnosed as MDS, 45 (5%)
MDS/MPN overlap, 49 (5%) ICUS, 15 (2%) AML with <30%, and
DIAGNOSES OF MYELODYSPLASTIC NEOPLASMS 6123
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Table 1. Summary of disease group classifications by diagnosis source

Diagnosis source

Disease groups (N = 918)

MDS MDS/MPN overlap ICUS

AML with <30%

blasts* Other AML Other malignancy Other

Original local diagnosis 264 (29%) 15 (2%) 62 (7%) 0 (0%) 46 (5%) 49 (5%) 482 (53%)

Validated local diagnosis 255 (28%) 33 (4%) 56 (6%) 12 (1%) 42 (5%) 82 (9%) 438 (48%)

Final study diagnosis 266 (29%) 45 (5%) 49 (5%) 15 (2%) 38 (4%) 93 (10%) 412 (45%)

Denominator in percentage represents the number participants who underwent centralized pathology review.
N, number of participants who underwent centralized pathology review.
*AML with <30% blasts without core binding factor or acute promyelocytic leukemia.
543 (59%) other (including 38 (4%) other AML, 93 (10%) other
malignancies, and a remaining group of 412 (45%) with other
diagnoses). Categorization and final diagnoses of the “other” group
in the MDS Natural History Study can be found elsewhere12 and is
also included as supplemental Table 2.

Among patients classified as having MDS based on local data entry
(Table 2), MDS unclassifiable and MDS with multilineage dysplasia
were the most common WHO classifications7 (24% and 18%,
respectively). After final central pathology review, these classifica-
tions remained similar except that patient bone marrows that were
classified as MDS unclassifiable decreased to only 6%, whereas
MDS with multilineage dysplasia increased to 27% (P < .001).
Fifty-one percent of MDS participants were categorized as having
very low– or low-risk IPSS-R disease, compared with 23% as
intermediate-risk disease and 26% as high- or very high–risk dis-
ease. The overall IPSS-R cytogenetic risk category distribution is
provided in supplemental Table 3.

Comparisons between local and central diagnoses

Central pathologists verified the original local diagnosis only 67%
of the time (n = 615, Table 3), with a κ statistic of 0.54 (95% CI,
0.49-0.59), indicating a moderate level of agreement.13,14 For MDS
specifically, central pathologists agreed with the original local
diagnosis 73% of the time, which was greater than the concor-
dance observed for MDS/MPN (20%), ICUS (41%), AML with
<30% (0%), and other nonmyeloid malignancies (28%) cases.
Nearly 50% (n = 147) of the 303 discordant cases were mis-
classified locally as having other cytopenia or cancers. Cytogenetic
analysis was performed in 86% (789/918) of the study partici-
pants. For each case, local and central pathologists had access to
identical cytogenetic information, thus, central pathologists did not
have an advantage when classifying cases.
Table 2. Summary of WHO classifications in MDS by diagnosis source

Diagnosis source Total MDS-SLD MDS-RSSLD MDS-MLD M

Original local diagnosis 264 23 (9%) 13 (5%) 48 (18%)

Validated local diagnosis 255 22 (9%) 17 (7%) 51 (20%)

Final study diagnosis 266 14 (5%) 17 (6%) 72 (27%)

Diagnosis of MDS was based on the WHO (2016) classification. Total represents the number o
represents the number participants assigned to MDS for the given assignment source.
MDS-EB1, MDS with excess blasts 1 (peripheral blood: 2%-4%; bone marrow: 5%-9% blasts);

blasts); MDS isolated del(5q), MDS with isolated del(5q); MDS-MLD, MDS with multilineage dyspla
with ring sideroblasts and single lineage dysplasia; MDS-SLD, MDS with single lineage dysplasia

6124 GORAK et al
Of MDS participants, ~56% were categorized with a lower-risk
IPSS-R score compared with 20% and 25% with an intermedi-
ate and higher risk score, respectively. Agreement between central
and local IPSS-R scores was high overall at 85.4% (152/178), with
agreement of 87.1% (74/85) for very low/low scores, 75.6% (31/
41) for intermediate scores, and 90.4% (47/52) for very high/high
scores; the associated κ statistic of 0.83 (95% CI, 0.76-0.89)
indicates almost perfect agreement.

Site miscoding errors, in which the local diagnosis as entered on
the study case report form differed from the local pathologist’s
determination as recorded on the pathology report, accounted for
over half (53%, 162/303) of the local misdiagnoses. After reclas-
sifying the local diagnosis based on local pathology review (ie,
correcting for site miscoding errors), the agreement between local
and central diagnoses improved from 67% to 85%. The κ statistic
of 0.78 (95% CI, 0.74-0.81, Table 4) indicates better agreement
after correction of site miscoding errors. For MDS diagnoses
specifically, the local and central pathologically confirmed
concordance improved to 79%, and to >62% within each of the
MDS/MPN, ICUS, AML with <30% and other nonmyeloid-
malignancies groups.

Figure 1 shows the information to available to pathologists at the
time of local, central, and tertiary review. Genetic data generated by
a site was also available centrally, so that local and central
pathologists had access to the same information. Of all cases,
~10% (88/918) had genetic data available at diagnosis. Local and
central diagnostic agreement was very similar between those with
and without genetics available (with genetics, κ = 0.73 [95% CI,
0.61-0.85]; without genetics, κ = 0.78 [95% CI, 0.74-0.81];
supplemental Tables 4 and 5). Of the 15% true misdiagnosed
cases (ie, after correcting for site miscoding errors), 12% had
MDS

DS-RSMLD MDS-EB1 MDS-EB2 MDS isolated del(5q) MDS-U

34 (13%) 37 (14%) 33 (13%) 12 (5%) 64 (24%)

33 (13%) 42 (16%) 35 (14%) 13 (5%) 42 (16%)

46 (17%) 50 (19%) 40 (15%) 12 (5%) 15 (6%)

f participants assigned to MDS for the given assignment source. Denominator in percentage

MDS-EB2, MDS with excess blasts 2 (peripheral blood: 5%-10%; bone marrow: 10%-19%
sia; MDS-RSMLD, MDS with ring sideroblasts and multilineage dysplasia; MDS-RSSLD, MDS
; MDS-U, MDS unclassifiable.

24 OCTOBER 2023 • VOLUME 7, NUMBER 20



Table 3. Contingency table of the original local diagnosis vs final study diagnosis

Original local diagnosis

Final study diagnosis

MDS MDS/MPN overlap ICUS

AML with <30%

blasts* Other AML Other malignancy Other Total

MDS 193 12 8 3 1 7 40 264

MDS/MPN overlap 3 9 0 0 0 3 0 15

ICUS 9 2 20 0 0 4 27 62

AML with <30% blasts 0 0 0 0 0 0 0 0

Other AML 4 0 0 10 32 0 0 46

Other malignancy 3 8 0 0 2 26 10 49

Other 54 14 21 2 3 53 335 482

Total 266 45 49 15 38 93 412 918

Agreement rate 73%
(193/266)

20% (9/45) 41% (20/49) 0% (0/15) 84% (32/38) 28% (26/93) 81% (335/412) 67% (615/918)

κ (95% CI) 0.54 (0.49-0.59)

The number of participants assigned to each disease group crossclassified by assignment source is reported in this table, along with the agreement rates and κ statistics. Denominator in percentage represents the number participants
reviewed that were assigned to disease group by final study diagnosis.
*AML with <30% blasts without core binding factor or acute promyelocytic leukemia.

Table 4. Contingency table of the validated local diagnosis vs final study diagnosis

Validated local diagnosis

Final study diagnosis

MDS MDS/MPN overlap ICUS

AML with <30%

blasts* Other AML Other malignancy Other Total

MDS 209 10 8 2 1 3 22 255

MDS/MPN overlap 2 28 0 0 0 3 0 33

ICUS 8 2 32 0 0 3 11 56

AML with <30% blasts 0 0 0 12 0 0 0 12

Other AML 4 0 0 1 37 0 0 42

Other malignancy 2 0 0 0 0 80 0 82

Other 41 5 9 0 0 4 379 438

Total 266 45 49 15 38 93 412 918

Agreement rate 79% (209/266) 62% (28/45) 65% (32/49) 80% (12/15) 97% (37/38) 86% (80/93) 92% (379/412) 85% (777/918)

κ (95% CI) 0.78 (0.74-0.81)

The number of participants assigned to each disease group crossclassified by assignment source is reported in this table, along with the agreement rates and κ statistics. Denominator in percentage represents the number participants
reviewed that were assigned to disease group by final central study assignment.
*AML with <30% blasts without core binding factor or acute promyelocytic leukemia.
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molecular genetic data at the time of diagnosis. By MDS subtype,
the rate of agreement between validated local diagnosis and
central diagnosis was slightly lower (70%; supplemental Table 6).
The overall κ of 0.65 (95% CI, 0.58-0.72) still indicates substantial
agreement in diagnosis across MDS subtypes.

Comparisons in patients who received treatment

Therapy reviews were done for 97% of patients (363/375) with a
final study diagnosis of MDS, MDS/MPN, ICUS, or AML with
<30% blasts, and a small number of patients with other diagnoses
(other AML, other malignancy, or other: 10%, 55/543). Across
these 418 patients, therapies used to treat MDS and related
myeloid malignancies were reported in 37% (n = 154, Table 5),
including 43% of patients with MDS, 49% with MDS/MPN, and
86% with AML with <30% blasts. Antineoplastic agents were the
most common regimens, administered in 83% of all participants
and 84% of participants with MDS. Hypomethylating agents such
as azacitidine or decitabine were among the most commonly pre-
scribed antineoplastic agents, given to 66% of patients overall and
72% of participants with MDS. Treatment rates were significantly
lower for cases with discordant diagnoses (25%) compared with
those with diagnoses on which local and central pathologists
agreed (40%) after accounting for site-entered coding errors (24/
95 vs 130/323; P = .008).

A total of 7% (7/95) of the treated patients with local and central
discordance in diagnosis received a total of 14 inappropriate
therapies based on review by the centralized therapy review
committee (Table 6). In the centrally diagnosed MDS disease
group, 3 (6%; locally misdiagnosed as MDS/MPN overlap, other
malignancy, or other) received inappropriate therapies consisting of
immunosuppressants, corticosteroids, and nonhypomethylating
antineoplastic agents. Immunoglobulins, corticosteroids, and non-
hypomethylating antineoplastic agents were also considered
inappropriate recommendations for 3 cases centrally diagnosed as
MDS/MPN (locally misdiagnosed as ICUS or other) or AML with
<30% (locally misdiagnosed as MDS). Azacitidine was also
considered an inappropriate recommendation for a centrally diag-
nosed ICUS case (locally misdiagnosed as other).

Discussion

MDS can be challenging to distinguish from other related diag-
noses, such as other myeloid malignancies or precursor conditions
associated with cytopenias. Skilled pathologists collaborating with
experienced clinicians are critical to ensuring that patients receive
the correct diagnosis and appropriate therapy. In this study, we
examined a well-characterized cohort of patients enrolled into the
NHLBI MDS Natural History Study to determine differences in
diagnosis between initial bone marrow biopsy review and central
adjudicated review; whether differences were because of database
coding errors or specimen interpretation; and how diagnostic
misclassification affected administered therapy.

We found that in one-third of cases central pathologists changed
local pathologist diagnoses in a clinically meaningful way (eg, from
a nonmalignant process to a malignant process, or to a process
that substantively could affect treatment or prognosis). Interest-
ingly, simple miscoding errors to a central database represented
6126 GORAK et al
>50% of the initially apparent misdiagnoses, which when cor-
rected resulted in a true overall misdiagnosis rate of 15% for the
entire cohort, one-fifth for all MDS and oligoblastic AML diagnoses,
and more than one-third for related myeloid malignancies.

The true impact of misdiagnoses is reflected in both patients being
provided with misinformation, which could affect their planning and
understanding of prognosis; and, more seriously, in them receiving
the wrong or delayed appropriate therapy. We found that 7% of
patients for whom there was a discordance in diagnosis received
inappropriate therapy, and, in 1 case, appropriate therapy was not
received until ~18 months after the initial misdiagnosis.

These findings have broad implications for the accuracy of clinical
trials of new drugs or novel drug combinations in MDS and related
myeloid malignancies. Given the relatively high percentage of
patients misdiagnosed based on local pathologist findings or data
entry errors, central review of bone marrow aspirates and biopsies,
or at the very least local pathologist reports, should be standard,
particularly for trials at later stages of drug development.

Hematopathologic classifications are increasingly complex with the
introduction of the WHO 2022 and International Consensus
Classification 2022.7,15 Here, we have shown, even before the
current era with 2 systems, the challenges in reporting MDS
diagnoses accurately. Given the complexities of these diagnoses,
we suggest seeking an academic hematopathology confirming
consultation when feasible and/or repeat bone marrow biopsy/
aspirate with a second opinion to refine or clarify diagnoses and
ensure that patients receive the most appropriate therapy.
Research personnel should receive training specific to MDS and
related conditions to minimize errors in database population.

These findings help to explain discrepancies in regional and
national database reporting of MDS incidence rates, subtypes, and
outcomes. For example, 1 such study16 that included data from the
North American Association of Central Cancer Registries and the
Surveillance, Epidemiology, and End Results program on almost
25 000 patients with MDS reported MDS–not otherwise specified
as occurring in 56% of those patients. Although the error rate for
MDS coding within such registries is unknown, it could be as high
as that observed in this study. Extrapolating our findings, we might
expect that 21% of the total reported patients with MDS might not
have an MDS diagnosis at all, and 75% of the patients with MDS–
not otherwise specified classified would have refined WHO diag-
noses of other specific MDS subtypes. Such measurement error
may limit the interpretation of population-based epidemiologic
studies of MDS epidemiology, etiology, and survival.

This study does have limitations. Although this was a study con-
ducted in over 140 sites across the United States, applicability to
any individual site’s diagnostic accuracy and international gener-
alizability may be limited. Sites participating in the current study
may be different from other sites, for example, in terms of
resources, pathologist experience, pathologist certifications,
experience of data-entry site staff, and volumes of patients with
MDS, which could impact the accuracy of local MDS diagnosis and
applicability of findings on a population level. Similarly, differences
among participating sites, and between local and central labora-
tories (eg, variability in stain quality) may have contributed to
discordant diagnoses among pathologists. Pathologic diagnoses
24 OCTOBER 2023 • VOLUME 7, NUMBER 20



Table 5. Participants with therapies by final study diagnosis

Therapy class

Final study diagnosis

MDS (n = 256) MDS/MPN overlap (n = 45) ICUS (n = 48) AML with <30% blasts* (n = 14) Other AML (n = 3) Other malignancy (n = 11) Other (n = 41) Total (n = 418)

Any therapy† 111 (43%) 22 (49%) 2 (4%) 12 (86%) 1 (33%) 2 (18%) 4 (10%) 154 (37%)

Antineoplastic agent‡,§ 93 (84%) 17 (77%) 1 (50%) 11 (92%) 1 (100%) 2 (100%) 3 (75%) 128 (83%)

Hypomethylating agent§ 80 (72%) 12 (55%) 1 (50%) 8 (67%) 0 (0%) 0 (0%) 0 (0%) 101 (66%)

Other antineoplastic agent§ 44 (40%) 9 (41%) 0 (0%) 9 (75%) 1 (100%) 2 (100%) 3 (75%) 68 (44%)

Anabolic agents for systemic use‡,§ 2 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (1%)

Antianemic preparations‡,§ 6 (5%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 7 (5%)

Antihemorrhagics‡,§ 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)

Corticosteroids for systemic use‡,§ 3 (3%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4 (3%)

Immune sera and immunoglobulins‡,§ 1 (1%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (1%)

Immunostimulants‡,§ 13 (12%) 0 (0%) 0 (0%) 2 (17%) 0 (0%) 0 (0%) 1 (25%) 16 (10%)

Immunosuppressants‡,§ 3 (3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (2%)

Investigational drug‡,§ 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)

Unspecified herbal and traditional medicine‡,§ 1 (1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%)

Not reported or cannot report because of active
trial§

9 (8%) 4 (18%) 1 (50%) 1 (8%) 0 (0%) 0 (0%) 0 (0%) 15 (10%)

The number and percentage of participants with the given therapy received by disease group per final central study assignment is reported in this table. n, the number of participants in each disease group with therapy reviews.
Hypomethylating agents include any azacitidine or decitabine reported. Antianemic preparations include vitamin B12, folic acid, iron preparations, erythropoiesis-stimulating agents, and erythroid maturation agents. Participants can receive
multiple therapies of different classes; therefore, the number of participants receiving individual therapy may not sum to the total number of participants receiving therapy.
*AML with <30% blasts excluding AML with core binding factor or acute promyelocytic leukemia.
†Denominator in percentages based on the number of participants with therapy reviews in each disease group.
‡Therapy classes based on the WHO drug Anatomical Therapeutic Chemical Level 2 classification.
§Denominator in percentages based the number of participants receiving any therapy in each disease group.
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were based on WHO 2016 criteria; although these have since
been revised and could affect discrepancies in diagnosis within
MDS, we report discrepancies between diagnoses of MDS and
other conditions, both malignant and nonmalignant.

Unfortunately, mutational testing is not as ubiquitous as preferable
in patients ultimately shown to have myeloid malignancies or to be
at risk of these conditions. Our analysis focused on data available
at baseline, and is a real-world snapshot into available data, which
was identical locally and centrally. Mutational testing was subse-
quently performed centrally to bolster the study as a national
resource, with some patients being reclassified as having Clonal
Cytenia of Undetermined Significance, although these data were
not available to central pathologists for purposes of these analyses.
This study was designed to capture patients with suspected MDS
or related conditions, and this occurred >50% of the time. That this
percentage rate was not higher despite protocol guidance
regarding ruling out other causes of cytopenias may reflect the
enrollment of patients with mild cytopenias and the broader prev-
alence of older adults with cytopenias because of other etiologies
in the United States population as a whole.

In conclusion, misdiagnosis of patients with suspected MDS
occurred at an appreciable rate, as did miscoding errors of MDS
diagnoses, and this resulted in mistreatment of patients in a
minority of cases. The accuracy of MDS diagnoses and prognosis
can be dependent upon strong collaboration between clinicians
and skilled pathologists. Second-opinion diagnoses sought by
patients or medical providers may be critical to limiting the fre-
quency at which misinformation is given and improve the course of
recommended therapy.

Acknowledgments

On behalf of the investigators of the National Heart, Lung, and
Blood Institute National Myelodysplastic Syndromes (MDS) Natural
History Study.

The National MDS Natural History study has been supported by
US Federal Government contracts HHSN268201400003I and
HHSN268201400002I from the National Heart, Lung, and Blood
Institute, and additional funding by the National Cancer Institute
(NCI) to NCI Community Oncology Research Program and the
participating clinical centers.

The content is solely the responsibility of the authors and does
not represent the policy of the National Institutes of Health or the
Department of Health and Human Services.

Authorship

Contribution: E.J.G. and M.A.S. designed the study and wrote the
manuscript; D.H. and M.O. performed the statistical analyses; and
all authors contributed to study design, interpretation of the data,
preparation of the manuscript, and approved its content.

Conflict-of-interest disclosure: D.E.R. reports membership on a
board or advisory committee for NanoString Technologies, Inc.
R.B. is an employee of Aptose Biosciences; holds stock in Aptose
Biosciences Private Company; consults for Bristol Myers Squibb
(BMS), Astex, and AbbVie; holds membership on a board or
advisory committee of Gilead and Epizyme; and reports consul-
tancy and research funding from Takeda. T.A.B. holds stock in
BMS Private Company; reports membership on a board or advisory
24 OCTOBER 2023 • VOLUME 7, NUMBER 20



committee of BMS, Cardinal Health, and Eli Lilly; and holds stock in
Heron Therapeutics Private Company. E.P. received research
funding from BMS, Kura, and Incyte, and reports honoraria from
Taiho and Blueprint. A.E.D. reports consultancy for and member-
ship on a board or advisory committee of Taiho, Novartis, and BMS,
and membership on a board or advisory committee of Takeda.
M.A.S. reports membership on a board or advisory committee of
Novartis, Kurome, and BMS. The remaining authors declare no
competing financial interests.
24 OCTOBER 2023 • VOLUME 7, NUMBER 20
ORCID profiles: M.O., 0000-0001-5489-014X; N.G., 0000-
0002-7744-8490; R.B., 0000-0002-5603-4598; S.H.K., 0000-
0002-4723-6307; L.Z., 0000-0002-1463-1458; S.S., 0000-0003-
3667-9898; M.A.S., 0000-0003-2009-6524.

Correspondence: Mikkael A. Sekeres, Division of Hematology,
Department of Medicine, Sylvester Comprehensive Cancer Center,
University of Miami, 1120 NW 14th St, Suite 610M, Miami, FL
33156; email: msekeres@med.miami.edu.
References

1. National Cancer Institute, Surveillance, Epidemiology, and End Results Program. Myelodysplastic syndromes (MDS) recent trends in SEER age-
adjusted incidence rates, 2001-2020. 2020. Accessed 20 June 2022. https://seer.cancer.gov/statistics-network/explorer/application.html?site=4
09&data_type=1&graph_type=2&compareBy=sex&chk_sex_1=1&chk_sex_3=3&chk_sex_2=2&hdn_rate_type=1&race=1&age_range=1&hdn_
stage=101&advopt_precision=1&advopt_show_ci=on&advopt_display=2#fnote_race

2. Greenberg PL, Tuechler H, Schanz J, et al. Revised International Prognostic Scoring System for myelodysplastic syndromes. Blood. 2012;120(12):
2454-2465.

3. Greenberg P, Cox C, LeBeau MM, et al. International Scoring System for evaluating prognosis in myelodysplastic syndromes. Blood. 1997;89(6):2079-
2088.

4. Sekeres MA, Patel BJ. Lowering the boom on lower-risk myelodysplastic syndromes. Hematology Am Soc Hematol Educ Program. 2019;2019:367-
372.

5. Sekeres MA, Cutler C. How we treat higher-risk myelodysplastic syndromes. Blood. 2014;123(6):829-836.

6. 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):2391-2405.

7. Khoury JD, Solary E, Abla O, et al. The 5th edition of the World Health Organization classification of haematolymphoid tumours: myeloid and histiocytic/
dendritic neoplasms. Leukemia. 2022;36(7):1703-1719.

8. Cogle CR, Craig BM, Rollison DE, List AF. Incidence of myelodysplastic syndromes using a novel claims-based algorithm: high number of uncaptured
cases by cancer registries. Blood. 2011;117(26):7121-7125.

9. DeLima M, Albitar M, O’Brien S, et al. Comparison of referring and tertiary cancer center physician’s diagnoses in patients with leukemia. Am J Med.
1998;104(3):246-251.

10. Sekeres MA, Gore SD, Stablein DM, et al. The National MDS Natural History Study: design of an integrated data and sample biorepository to promote
research studies in myelodysplastic syndromes. Leuk Lymphoma. 2019;60(13):3161-3171.

11. SAS Institute Inc. SAS 9.4 Statements: Reference. SAS Institute Inc; 2013.

12. DeZern AE, Goll JB, Lindsley RC, et al. Utility of targeted gene sequencing to differentiate myeloid malignancies from other cytopenic conditions. Blood
Adv. 2023;7(14):3749-3759.

13. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 1977;33(1):159-174.

14. Sim J, Wright CC. The Kappa statistic in reliability studies: use, interpretation, and sample size requirements. Phys Ther. 2005;85(3):257-268.

15. Arber DA, Orazi A, Hasserjian RP, et al. International Consensus Classification of myeloid neoplasms and acute leukemias: integrating morphologic,
clinical, and genomic data. Blood. 2022;140(11):1200-1228.

16. Rollison DE, Howlader N, Smith MT, et al. Epidemiology of myelodysplastic syndromes and chronic myeloproliferative disorders in the United States,
2001-2004, using data from the NAACCR and SEER programs. Blood. 2008;112(1):45-52.
DIAGNOSES OF MYELODYSPLASTIC NEOPLASMS 6129

https://orcid.org/0000-0001-5489-014X
https://orcid.org/0000-0002-7744-8490
https://orcid.org/0000-0002-7744-8490
https://orcid.org/0000-0002-5603-4598
https://orcid.org/0000-0002-4723-6307
https://orcid.org/0000-0002-4723-6307
https://orcid.org/0000-0002-1463-1458
https://orcid.org/0000-0003-3667-9898
https://orcid.org/0000-0003-3667-9898
https://orcid.org/0000-0003-2009-6524
mailto:msekeres@med.miami.edu
https://seer.cancer.gov/statistics-network/explorer/application.html?site=409&amp;data_type=1&amp;graph_type=2&amp;compareBy=sex&amp;chk_sex_1=1&amp;chk_sex_3=3&amp;chk_sex_2=2&amp;hdn_rate_type=1&amp;race=1&amp;age_range=1&amp;hdn_stage=101&amp;advopt_precision=1&amp;advopt_show_ci=on&amp;advopt_display=2#fnot
https://seer.cancer.gov/statistics-network/explorer/application.html?site=409&amp;data_type=1&amp;graph_type=2&amp;compareBy=sex&amp;chk_sex_1=1&amp;chk_sex_3=3&amp;chk_sex_2=2&amp;hdn_rate_type=1&amp;race=1&amp;age_range=1&amp;hdn_stage=101&amp;advopt_precision=1&amp;advopt_show_ci=on&amp;advopt_display=2#fnot
https://seer.cancer.gov/statistics-network/explorer/application.html?site=409&amp;data_type=1&amp;graph_type=2&amp;compareBy=sex&amp;chk_sex_1=1&amp;chk_sex_3=3&amp;chk_sex_2=2&amp;hdn_rate_type=1&amp;race=1&amp;age_range=1&amp;hdn_stage=101&amp;advopt_precision=1&amp;advopt_show_ci=on&amp;advopt_display=2#fnot
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref2
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref2
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref3
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref3
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref4
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref4
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref5
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref6
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref6
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref7
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref7
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref8
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref8
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref9
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref9
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref10
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref10
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref11
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref12
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref12
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref13
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref14
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref15
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref15
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref16
http://refhub.elsevier.com/S2473-9529(23)00440-8/sref16

	Discordant pathologic diagnoses of myelodysplastic neoplasms and their implications for registries and therapies
	Introduction
	Methods
	Patient eligibility
	Study procedures
	Histopathology review process
	Process for discrepant diagnoses
	Final diagnoses and treatment

	Statistical analysis

	Results
	Patient characteristics
	Comparisons between local and central diagnoses
	Comparisons in patients who received treatment

	Discussion
	Authorship
	References




