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Auer rods were first described by john Auer as rod-shaped inclusions in 1906 and confirmed
to be formed by the crystallisation of cytoplasmic azurophilic granules hereafter. As the
hallmark of acute myeloid leukemia (AML), Auer rods are seen occasionally in patients
with myelodysplastic syndrome (MDS). The presence of Auer rods is generally associated
with favourable prognosis in AML (Yoshida et al., 2009). In the French-American-British
(FAB) (Bennett et al., 1982) and World Health Organisation (WHO) (Arber et al., 2016)
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systems, patients with MDS and Auer rods are classified as high-risk, regardless of
myeloblast percentage in blood or bone marrow (BM). However, the mutation topography
and the clinical outcomes of MDS with excess blasts-2 (MDS-EB2) with Auer rods, when
treated with chemotherapy or hypo-methylating drugs, are unknown.

We reviewed medical records of 516 consecutive patients with newly diagnosed MDS-EB2
according to the 2016 revised WHO criteria (Arber et al., 2016) at our centre from January
2006 to December 2018. We then studied Wright-Giemsa stained blood (=100 cells) and BM
slides (=200 cells), obtained at diagnosis for Auer rods. Positivity was defined as =1 Auer
rods in blood or BM cells. Auer rods were found in 59 patients (11%).

Previous data indicate that the frequency of acquired somatic mutations increases with age
(Silva et al., 2017; Li et al., 2018). To adjust for this, we compared clinical and laboratory
variables and results of next generation sequencing (NGS) in these 59 patients with 236
age-matched controls with MDS-EB2 without Auer rods. Auer rod-positive patients were
divided into two cohorts: (i) patients diagnosed as MDS-EB2 based solely on having Auer
rods, regardless of blood or BM myeloblast levels (cohort-1; /= 25); and (ii) patients
meeting blood and/or BM blast criteria for MDS-EB2 with Auer rods (cohort-2; NV = 34).
Patients with MDS-EB2 without Auer rods (A = 236) were designated cohort-3. Patients and
controls gave informed consent compliant with the Declaration of Helsinki.

Patients with Auer rods had higher reticulocyte levels (0-0421 x 10E + 12/1 vs. 0-0302 x
10E + 12/1; P=0:011), higher neutrophil levels (0-98 x 10E + 9/l vs. 0-76 x 10E + 9/1,
P=0-041), higher platelet levels (68 x 10E + 9/l vs. 52 x 10E + 9/I; £=0-02) (Table I).
Cohort-2 had higher reticulocyte levels than cohort-3 (£ = 0-005) and higher platelet levels
than cohort-1 (P= 0-009) and cohort-3 (P= 0-001) (Table S1).

Patients with Auer rods were more likely to have normal cytogenetics and less likely

to have complex karyotype, compared with patients without (= 0.056; = 0.008;

Table I). Cytogenetic abnormalities sufficient for diagnosing AML with MDS-related
changes, according to WHO criteria(Vardiman et al., 2009), were defined as MDS-specific
cytogenetic abnormalities and were more common in patients without Auer rods compared
to patients with Auer rods (P= 0-01; Table I). Cohorts-1 and -2 had similar frequencies

of complex and MDS-specific cytogenetic abnormalities which were lower than cohort-3
(Tables S1 and S2). Patients with Auer rods were less often classified as very-high-risk in
IPSS-R (Revised International Prognostic Scoring System) compared with patients without
(P=0:005; Table I). This difference was found mainly in cohort-1 (P< 0-001; Table S1),
reflecting the lower blast percentage and more favourable cytogenetics of this cohort.

NGS of 112 genes was done on BM samples obtained at diagnosis from 124 patients (Table
S3), including 39 patients with Auer rods, and 85 without Auer rods and detected 202
high-confidence mutations (Table S4). There was no significant difference in numbers of
mutations (mean, 1-82 vs. 1:54; £P=0-576). Mutation topography is shown in Fig 1A and
Figure S1. NPM1 was the most frequently mutated gene in patients with Auer rods [21%,
95% confidence interval (Cl), 9, 36%] followed by DNMT3A (18% [8, 34%]), NRAS (15%
[6, 31%]), TETZ2(13% [4, 27%]), UZAFI1 (13% [4, 27%]), WT1 (10% [3, 24%]) and /DH1
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(10% [3, 24%]). In patients without Auer rods, the three most frequently mutated genes were
UZAF1(21% [12, 30%]), TP53(17% [8, 25%]) and SF3B1 (11%, [4, 17%]). NPM1, WT1
and /DH1 were significantly more frequently mutated in Auer rod-positive compared with
Auer rod-negative patients (P< 0-001; £=0:034; £=0:077). No patient with Auer rods had
a 7P53mutation, compared with 17% of patients without Auer rods (2= 0-003).

Previous data indicate that recurrently mutated genes in high-risk MDS ( 7P53, etc.) differ
from those in de novo AML (FLT3, NPM1, DNMT3A, IDH1, IDH2) (Walter et al., 2013).
Patients with Auer rods were more likely to have these AML mutations compared to

those without Auer rods [36% (21, 53%) vs. 12% (5, 19%); P= 0-003; Fig 1B]. This

was especially so for patients in cohort-2 [44% (23, 66%); A= 0:001; Fig 1C]. Similarly,
according to the categorising molecular mutations in MDS and AML as reported by Munich
Leukemia Laboratory (Rose et al., 2015), the AML mutations (VPM1, CEBFPA, FLT3,
IDH1, IDHZand CBFB) showed more frequency in patients with Auer rods (33%), both in
cohort-1 (31%) and -2 (35%), than those without (13%; £ = 0-013; Figure S2). Lindsley et
al. (2015) defined NPM1 mutations, MLL/11g23 rearrangements, and CBF rearrangements
as de novo-type alterations for AML, and found that NPM1 and 7P53 mutations were
mutually exclusive. In our cohort, the NPM1 mutation was significantly associated with
Auer rods while the 7P53 mutation was inversely associated. These data suggest MDS with
Auer rods is biologically the same as de novo AML.

Ninety-five patients receiving hypo-methylating drugs and/or chemotherapy in our centre
(Table S5) could be evaluated for response using criteria of the MDS International Working
Group (Cheson et al., 2006). Patients with Auer rods receiving chemotherapy (with or
without hypo-methylating drugs) had a higher frequency of complete remission compared
to patients received hypo-methylating drugs only [64% (31, 89%) vs. 20% (3, 56%); P=
0-08; Table S6]. Previous studies reported that patients with MDS and Auer rods responded
better to intensive AML-like chemotherapy than patients without Auer rods (Seymour &
Estey, 1995). Conversely, we detected no difference in complete response rates with these
regimens in patients without Auer rods (25% vs. 23%; P = 0-835; Table S6). There was also
no difference in the overall response rate between these cohorts (P> 0-1, Table S6).

In patients with Auer rods, those receiving chemotherapy (with or without hypo-methylating
drugs) had a longer median survival compared to those patients with Auer rods receiving
only hypo-methylating drugs (53 vs. 15 months; 2= 0-041; Fig 1D). This difference was not
detected in patients without Auer rods (18 vs. 21 months; £ = 0-642; Figure S3A). Amongst
patients receiving chemotherapy (with or without hypo-methylating drugs), those with Auer
rods had a longer median survival compared to patients without (53 vs. 18 months; P=
0-254; Figure S3B).

MDS was previously called preleukemia, smoldering leukemia, or oligoblastic leukemia
(Heaney & Golde, 1999). Albitar et al. (2002) reported MDS as biologically and clinically
distinct from AML. Others think some cases are similar (Gale & Bennett, 2009). In the
past decade, distinction of the mutation spectrum between MDS and AML (as discovered
by NGS) indicate that MDS is distinct from AML in many respects, just as splicing gene
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mutations are more common in people with MDS, and transcription gene abnormalities are
more common in people with AML (Walter et al., 2013).

Our data indicate that patients with MDS and Auer rods have a high frequency of AML-
related mutations. We suggest that MDS with Auer rods is a special subgroup which is
biologically more akin to AML, regardless of blasts percentage, and may benefit from
chemotherapy. Because our study was retrospective, our conclusions require validation.
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Refer to Web version on PubMed Central for supplementary material.
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The mutation distribution and clinical outcome under different treatment regimens of MDS
with excess blast-2 (MDS-EB2) with Auer rods. (A) Mutation topography of MDS-EB2

patients with or without Auer rods. (B) Patients with Auer rods had a higher incidence

of AML-related mutation (FLT3, NPM1, DNMT3A, IDH1, IDHZ) than patients without

Auer rods. (C) Patients in cohort-2 had a significantly higher incidence of AML-related

mutation than patients in cohort-3. (D) Kaplan—Meier curves of overall survival in the Auer
rod-positive group stratified by different treatment regimens, including chemotherapy [with

or without hypo-methylating drugs (HMAs)] and HMAs alone.
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