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Abstract

Iron overload (10) reflected by elevated ferritin is associated with increased mortality in myelodysplastic syndromes (MDS),
however, ferritin is an imperfect metric. Elevated labile plasma iron correlates with clinical outcomes and transferrin
saturation (TSAT) >80%, but is not readily measurable. The trajectory of TSAT, and its association with clinical outcomes
remain undefined. Canadian MDS registry patients were evaluated. Mean TSAT, mean ferritin and transfusion dose density
(TDD) were determined. Survival was evaluated by TSAT and ferritin (<50%, 50-80%, >80%), (<500 pg/L, 501-800 pug/L,
>800 pg/L). In 718 patients, median age was 74 years; 12%, 31%, 29%, 15% and 13% were IPSS-R very low, low, intermediate,
high and very high. TSAT and ferritin were moderately correlated (r=0.63, P<0.0001). TSAT increased over time in trans-
fusion-dependent patients (P=0.006). Higher TSAT and ferritin were associated with inferior 5-year overall (OS), progres-
sion-free (PFS), and leukemia-free survival (LFS) (P<0.008) and higher TDD with inferior 5-year OS. TSAT >80% trended
with inferior cardiac death-free survival (P=0.053). In univariate analysis, age, IPSS-R, blast percentage by Eastern Coop-
erative Oncology Group Performance Status, frailty, Charlson Comorbidity Index, iron chelation (Y/N), TDD, TSAT and ferritin
were significantly associated with inferior OS. By multivariable analysis, TSAT >80% (P=0.007) remained significant for OS
(R? 30.3%). In MDS, TSAT >80% and ferritin >800 pg/L portended inferior OS, PFS and LFS. TSAT may indicate the presence
of oxidative stress, and is readily measurable in a clinical setting. The relationship between TSAT and cardiac death-free
survival warrants further study.

fusion-driven iron toxicity are areas of active investigation.

Introduction . . .
Compared to patients with transfusion-dependent (TD)

Myelodysplastic syndromes (MDS) are clonal disorders of
ineffective erythropoiesis leading to peripheral blood
cytopenias and an increased risk of progression to acute
myeloid leukemia (AML). Red blood cell (RBC) transfusion
remains a cornerstone of supportive care. RBC transfusion
dependence is an independent prognostic factor associ-
ated with inferior overall survival (OS) in MDS,-® and higher
transfusion dose density (TDD) is associated with inferior
progression-free survival (PFS).* However, the relative
contributions of underlying disease biology versus trans-

hemoglobinopathies, MDS patients have shorter life ex-
pectancies and thus may be less likely to manifest organ
damage from iron overload (10).° Rather, it has been hy-
pothesized that 10 may lead to oxidative stress® which
further impairs hematopoiesis,” accelerates mutagenesis
and results in progressive marrow failure leading to dis-
ease progression and death.*

Serum ferritin level above 1,000 pg/L is associated with
increased mortality in MDS.! However, underlying inflam-
mation confounds interpretation of ferritin, rendering it
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an imperfect metric of true 10. Elevated levels of oxi-
datively damaging non-transferrin bound iron (NTBI) and
labile plasma iron (LPI) correlate with transferrin satura-
tion (TSAT) >70% and >80% respectively,®® but NTBI and
LPI assays are not readily available and lack international
standardization. The trajectory of TSAT in MDS patients,
and its association with clinical outcomes has not been
defined.

Using the Canadian MDS registry, we aimed to describe
trends in TSAT, and to determine if elevated TSAT cor-
relates with ferritin level, and/or predicts for clinical out-
comes in MDS.

Methods

Patients

This was a prospective observational study using the Ca-
nadian National MDS registry, which captures detailed dis-
ease and patient-related characteristics of MDS patients
from 15 Canadian centers. Registry details have been de-
scribed previously.® Briefly, the registry enrolled patients
with MDS, chronic myelomonocytic leukemia (CMML), and
low blast count AML with MDS-related changes, within 1
year of diagnosis. Patients were evaluated every 3-6
months until death, loss to follow-up, or withdrawal of
consent. We conducted this study with over 11.5 years of
prospectively-collected patient data. All patients provided
consent to participate, and the registry was approved by
the research ethics boards of participating institutions.

Temporal trends in iron parameters

Trends in iron parameters were evaluated among time-
varying transfusion dependent (TD) and transfusion-inde-
pendent (TI) patients, where transfusion-dependence was
determined at 6-month intervals. TSAT was calculated as
serum iron/total iron binding capacity (TIBC). Mean values
of ferritin and TSAT were calculated every 6 months, in-
cluding values from 3 months prior to and following that
visit. If a patient had multiple measurements during each
time window, the average was calculated. Natural logar-
ithm transformation was applied for normalizing the dis-
tribution of ferritin data by the Shapiro-Wilk normality
test. Linear regression was used to evaluate a correlation
between ferritin and TSAT. Linear mixed model analysis
with repeated measures per subject was used to evaluate
changes in ferritin and TSAT over time from enrollment up
to 42 months.

Transfusion density

Transfusion dependence was defined as a minimum of
one unit per 8 weeks for a duration lasting 216 weeks.”°
Among TD patients, time-varying TDD was defined as the
total number of units transfused per month since the date
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of first transfusion. Median TDD for all TD patients was
calculated at landmark year 1. Patients who died before 1
year were excluded from this analysis. “Low-TDD” and
“High-TDD” were defined as below or above the median.
For comparison, a parallel survival analysis was done in
which TDD was defined by the revised International Work-
ing Group (IWG) criteria of low (20.75-<2 units/month) and
high (=2 units/month) transfusion burden." Each patient
was categorized as Tl, low-TDD or high-TDD at sequential
6-month intervals. In order to compare characteristics
among the three transfusion groups, a Kruskal-Wallis non-
parametric test for continuous variables, and a Fisher
exact test or Chi-squared test was applied for categorical
variables. A P value of <0.05 was considered statistically
significant.

Clinical outcomes

Progression was defined as death or progression to AML.
Those with AML at diagnosis by contemporary definitions
(20-30% blasts) were excluded from progression-free
(PFS) and leukemia-free survival (LFS) analyses. OS, PFS,
LFS, cardiac death-free survival (CDFS) and cumulative
incidence of death from infection were each evaluated by
TDD (TI, lLow-TDD and high-TDD), TSAT category (<50%, 50-
80%, >80%), and ferritin category (<500 pg/L, 501-800
pg/L, >800 pg/L). A patient’s TSAT and ferritin were cal-
culated using the mean of all values from enrolment on-
wards, provided there had been 26 months of follow-up.
OS analyses used only those patients surviving 21 year,
whereas PFS and LFS were calculated in all patients from
enrolment. Log-rank tests were used to detect differ-
ences in OS, PFS, LFS and CDFS, and Gray’s test was used
to detect differences in cumulative incidence of infectious
death. All analyses were repeated among lower risk (Re-
vised International Prognostic Scoring System [IPSS-R]
very low, low and intermediate) and higher risk (IPSS-R
high or very high) patients separately. Univariate and
multivariable (MVA) Cox proportional hazards analyses
identified variables with a significant impact on OS.

Results

Patient characteristics

Seven hundred and eighteen patients were included. Pa-
tient characteristics are listed in Table 1. Median age was
74 years. Collectively, 67% were IPSS-R very low, low or
intermediate risk. With a median follow-up of 2.1 years,
actuarial OS was 2.7 years (95% confidence interval [CI]:
2.4-3.2). Seventeen percent developed AML and 61% have
died. Fifty-six percent had at least one infection, and 7%
had a cardiac event leading to hospital admission or
death. Among 363 patients for whom cause of death was
known, AML, MDS progression, infection, cardiac events,
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Table 1. Characteristics of 718 myelodysplastic syndrome patients from the Canadian MDS Registry.

Characteristics

Median age in years (IQR)

Median time from diagnosis to enrolment in months (IQR)
Male sex, N (%)

ECOG performance status, N (%)
0
1
2
3
4

Diagnosis type, N (%)
Primary
Secondary

WHO subtype, N (%)
MDS-MLD
MDS-MPN, CMML-0, CMML-1 OR CMML2
MDS-EBH1
MDS-EB2
MDS-RS-SLD
MDS-SLD
Secondary AML, AML (previously RAEBT), T-AML
Isolated del5q
MDS-RS-MLD
MDS-MPN-RS-T
MDS-U
Unknown

Transfusion, N (%)
TI
D

IPSS-R categories, N (%)
Very low
Low
Int
High
Very high
Unknown
Median blasts, n=714, % (IQR)
Ring sideroblasts =15, N (%)
Iron chelation treatment (yes) (n=718), N (%)
Among survivors (n=277), N (%)
Among non-survivors (n=383), N (%)
Median duration iron chelation in months (IQR) (n=95)
Median ferritin at enrolment, mg/L (IQR) (n=718)

Ferritin categories at enrolment, ug/L (%)
<500
501-800
>800

Median TSAT at enrolment (n=718), N in % (IQR)
Median TSAT over time in patients ever on ict, N (range)

Median TSAT over time in patients never on ict, N (range)

Comordbidities at enrollent, total n=718, N (%)
Diabetes
Myocardial infarction
Congestive heart failure
Cerebrovasular disease
Valvular heart disease
Dementia
Chronic pulmonary disease
Moderate-severe renal disease
Lymphoma or other solid tumour
Deep vein thrombosis/pulmonary embolism

TOTAL (N=718)

74 (67-80)
3.7 (1.2-13.9)
453 (63.3)

299 (42.1)
341 (48.0)
62 (8.7)
8 (1.1)
1(0.1)

651 (91.2)
63 (8.8)

203 (28.3)
87 (12.1)
80 (11.1)
81 (11.3)
63 (8.8)

500 (69.6)
218 (30.4)

81 (11.3)
210 (29.2)
192 (26.7)
102 (14.2)
84 (11.7)
49 (6.8)

3.0 (1.5-6.0)
197 (27.4)

95 (13.2)
37 (13.4)
58 (13.2)

15.4 (3.7-37.3)
443.0 (182.0-1,004.0)

383 (53.3)
112 (15.6)
223 (31.1)
)
)
)

43 (28-65
64 (45-91
41 (27-64

107 (14.9)

MDS: myelodysplastic syndrome; IQR: interquartile range; ECOG: Eastern Cooperative Oncology Group; WHO: World Health Organization; INT:
intermediate; TI: transfusion-independent; TD: transfusion-dependent; IPSS-R: International Prognostic Scoring System- Revised; TSAT: trans-

ferrin saturation; ICT: iron chelation therapy.
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and bleeding accounted for 26%, 20%, 19%, 9.6% and 6.3%
of causes, respectively. Among those with infection, pul-
monary was the most common source.

Transfusion dose density

Among 500 patients who were Tl at baseline, 107 (14.9%)
became TD, at a median time to onset of 3.4 months.
Among 545 patients who survived =1 year, the median TDD
at landmark year 1 was 2.74 units/month (interquartile
range [IQR], 1.47-4.11). Thus, low-TDD was defined as 21
unit/8 weeks but <2.7 units/month, and high-TDD as >2.7
units/month. Transfusion density was significantly associ-
ated with IPSS-R category (P<0.0001) but not with age,
sex, MDS subtype or cytogenetic risk group (Online Sup-
plementary Table S7). The proportion that were TD re-
mained stable over time in all patients (P=0.53) and in the
subset with an IPSS-R score of <£4.5 (P=0.73) but increased
from enrollment up to 42 months in those with a IPSS-R
score >4.5 (P=0.16) (data not shown).

Correlation of transferrin saturation and ferritin

Ferritin and TSAT were only moderately correlated (r=0.63,
P<0.0001) across all patients regardless of transfusion de-
pendence. Moderate correlations were also found among
time-varying TD (r=0.61) and Tl patients (r=0.56). Similarly,
mean TSAT increased with incremental ferritin category
(Figure 1A). Among 1,657 ferritin levels <1,000 ug/L, 6%,
21% and 74% were associated with TSAT >80%, 50-80%
and <50%. Conversely, among 680 ferritin levels 21,000
pg/L, 39%, 35% and 26% were associated with TSAT >80%,
50-80% and <50% (Figure 1B).

Temporal trends in transferrin saturation and ferritin
Ferritin increased from enrolment to 42 months in all pa-
tients (P<0.0001), time-varying TD (P<0.0001) and TI pa-
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tients (P<0.0001). Conversely, TSAT remained stable over
time in all patients (P=0.094) and time-varying Tl patients
(P=0.98) but increased in TD patients (P=0.006) (Figure 2).

Survival outcomes among transferrin saturation, ferritin
and transfusion density groups

Higher TDD at landmark year 1 was associated with in-
ferior OS (Figure 3), with a 5-year OS of 52%, 44% and 25%
among those who were TI, low-TDD and high-TDD, re-
spectively (P<0.0001). OS curves were similar using revised
IWG definitions of low and high transfusion burden, with
the exception of low-TDD patients where 5-year OS was
33% (95% CI: 22-50) (Online Supplementary Figure ST).
When lower and higher risk patients were analyzed sep-
arately, higher TDD was associated with inferior OS in
lower but not higher risk patients (Online Supplementary
Figure S2).

Higher mean TSAT and ferritin were each associated with
inferior OS, PFS and LFS (Figure 4). Five-year OS was 46%,
43% and 17% among patients with a mean TSAT <50%, 50-
80% and >80% respectively (P=0.001), and was 49%, 47%
and 32% among patients with ferritin <500 pg/L, 501-800
pg/L and >800 pg/L, respectively (P=0.003). Among pa-
tients with a mean ferritin >800 ug/L, stratifying by TSAT
<80% versus >80% further discriminated differences in 5-
year OS (P=0.014), and this was also seen when lower
(P=0.030) and higher risk (P=0.046) patients were analyzed
separately. Higher TSAT was associated with inferior OS in
lower risk patients (P=0.003), with a trend toward signifi-
cance in higher risk patients (P=0.16) (Online Supplemen-
tary Figure S3). Conversely, an association with inferior
PFS and LFS was seen only in higher risk patients
(P=0.005 and P=0.031, respectively) (Online Supplementary
Figure S4). Ferritin was only associated with inferior OS,
PFS and LFS among lower risk patients (P=0.003, P=0.024,
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Figure 1. Correlations between transferrin saturation and ferritin across all patients regardless of transfusion status, collected
from enrolment up to 42 months. (A) Mean transferrin saturation (TSAT) increased with incremental ferritin category (B) TSAT
stratified by by ferritin category. Only 39% of all ferritins >1,000 pg/L were associated with a TSAT of >80%.
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Figure 2. Temporal trends in transferrin saturation and ferritin among 718 patients with myelodysplastic syndromes. The stacked
bar plots are showing the proportions of patients with ferritin <500, 501-800 and >800ug/L, and the proportions of patients with
transferrin saturation (TSAT) <50%, 50-80%, and >80% at 6-month intervals from enrolment up to 42 months in all patients, in
time-varying transfusion-dependent and in time-varying transfusion-independent patients, where transfusion dependence was

determined at sequential 6-month intervals.

P=0.018 respectively).

Because iron chelation therapy (ICT) can affect measure-
ment of TSAT, we assessed the impact of TSAT on survival
according to chelation status (ever vs. never). 13.4% of pa-
tients received ICT. The median duration of ICT was 15.4
months (IQR, 3.7-37.3). Higher mean TSAT maintained a
statistically significant association with inferior OS
(P=0.017), although ICT attenuated this effect both in pa-
tients with mean TSAT 50-80% and >80% (Figure 5). A
similar attenuating effect of ICT was seen on PFS and LFS
(Online Supplementary Figure S5).

Cardiac events resulting in death occurred in 52 patients.
Mean TSAT >80% showed a borderline association with in-
ferior CDFS (P=0.053). When looking only at patients who
were already TD at enrolment, mean TSAT (P=0.001) but
not ferritin (P=0.52) was significantly associated with in-
ferior CDFS (Figure 6A and B).

Seventy patients died from infection at a median of 2
years from enrolment. Ferritin >800 ug/L was associated

with cumulative incidence of infectious death (P=0.021),
however TSAT category was not (Online Supplementary
Figure S6).

Impact of covariates

By univariate analysis, age, IPSS-R, blast percentage,
Eastern Cooperative Oncology Group Performance Status
(ECOG), frailty score, Charlson Comorbidity Index, not re-
ceiving ICT, TDD, TSAT and ferritin categories were signifi-
cantly associated with inferior OS (Online Supplementary
Table S2). In two MVA models with nearly identical R?
values, TSAT emerged as an independent predictor of OS
after adjusting for significant covariates (age, IPSS-R,
frailty, Charlson Comorbidity Index and receipt of ICT),
however either ferritin or TDD fell out of each model. We
then tested the Spearman correlations between each of
these three covariates as continuous variables. Ferritin
was the most redundant variable, again correlating mod-
erately with TSAT (r=0.64, P<0.0001) and TDD (r=0.46,
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P<0.0001), while TSAT correlated weakly with TDD (r=0.37,
P<0.0001).

Discussion

In this retrospective analysis of a large prospectively col-
lected cohort of MDS patients, higher mean TSAT and
mean ferritin were each associated with inferior OS, PFS
and LFS. The impact of IO on clinical outcomes was not
restricted to lower risk patients, as demonstrated by the
impact of TSAT on PFS and LFS in higher risk patients.
However, TSAT correlated only moderately with ferritin,
and unlike ferritin, remained stable over time in Tl pa-
tients, suggesting that TSAT may be a more appropriate
marker of total body iron in MDS patients.

The importance of identifying clinically significant bio-
markers of iron toxicity in MDS is well-accepted. Data
from the EUMDS registry showed that LPI levels correlate
strongly with TSAT, with a threshold effect seen above a
TSAT of 80%, and are associated with inferior survival in
lower risk MDS.5 A weaker correlation® or no correlation®
was found between ferritin and LPI. TSAT is a much more
readily available, standardized and cost-effective iron par-
ameter in the clinical setting than LPI.

In comparing temporal trends of iron parameters, TSAT in-
creased over time only in TD patients. This is consistent
with data from the EUMDS registry and suggests that
elevated TSAT is specific for transfusional 10.° Conversely,
ferritin increased over time in all subgroups including TI
patients, emphasizing its role as a biomarker of inflam-
matory processes beyond transfusional 10. Ineffective ery-
thropoiesis (IE) may contribute to the elevated ferritin in
Tl patients, particularly those with ring sideroblasts (MDS-
RS).° However, the stability of TSAT among Tl patients ar-
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Figure 3. Overall survival of myelodysplastic syndrome
patients. Higher transfusion dose density (TDD) at land-
mark year 1 is associated with inferior overall survival
among all myelodysplastic syndrome patients.

gues against IE as the main driver of ferritin (as a sur-
rogate of iron overload) in Tl patients.

The development of transfusion dependence in MDS is
associated with inferior 0S,® and ICT is associated with
improved OS™ after adjusting for IPSS-R, a finding that we
recapitulated in our MVA. In fact, the World Health Organ-
ization-based prognostic scoring system (WPSS) incorpor-
ated transfusion dependence as an independent
prognostic factor for OS and LFS.° Higher TDD is associ-
ated with poor 0S,? PFS* and LFS1,” albeit in heterogene-
ous MDS populations; the association of TDD with PFS
was recently shown among low risk MDS patients.* We ex-
pand this to include an impact on OS in lower risk MDS.
We also provide clinically significant TDD thresholds that
predict for inferior OS.

The median TDD in this study, 2.7 units/month, was higher
than that reported in the European MDS Registry (EUMDS)
registry (0.87 units/month)* likely due to the inclusion of
higher risk patients in our cohort, and a TDD definition in
the EUMDS registry that divided the number of transfused
units over a longer time interval. When we repeated our
analysis using the 2018 IWG criteria" of low (20.75-<2
units/month) and high (=2 units/month) TDD, we found
that OS was also inferior in low-TDD patients. While the
optimal definition of low-TDD requires further clarifica-
tion, it is clear that any amount of transfusion depend-
ence associates with inferior outcomes.

We demonstrated that higher TSAT and ferritin are associ-
ated with inferior OS, PFS and LFS. Higher TSAT was as-
sociated with reduced survival, particularly among
lower-risk patients but with a compelling trend toward
significance among higher-risk patients. These findings
contrast with data from both the EUMDS and Piedmont
registries. The Piedmont data used TSAT levels at baseline
only* The EUMDS authors found no adverse impact of
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Figure 4. Higher mean transferrin saturation and ferritin are associated with inferior overall survival, progression-free survival
and leukemia-free survival. Among those with a mean ferritin >800 pg/L, stratifying by transferrin saturation (TSAT) category
further discriminated differences in overall survival (0OS) (P=0.014) (dotted inlay). Total numbers of patients at time zero in the
black, red and blue groups, respectively, were as follows: 302, 188 and 55 for OS analyses by TSAT category; 248, 100 and 197 for
OS by ferritin category; 391, 237 and 90 for progression-free survival and leukemia-free survival by TSAT category; 309, 119, and
290 for progression-free survival and leukemia-free survival by ferritin category.

TSAT on PFS after adjusting for age, IPSS-R, receipt of ery-
thropoietin-stimulating agents, and ring sideroblast
status. They concluded that TSAT should be used as a
screening test to identify patients at risk of elevated LPI.®
The EUMDS cohort was small (n=100), restricted to pa-

tients with lower risk MDS, and defined TSAT as a time-
varying covariate (<80% or 280%) at each six monthly visit.
In our cohort of 718 patients, those with a mean TSAT
>80% would have had a longer duration of TSAT elevation,
and may therefore have been more likely to manifest clini-
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cal sequelae of 10.

Previous work from Malcovati et al. demonstrated that
ferritin 21,000 pg/L adversely impacts OS after adjusting
for TDD, with a hazard ratio of 1.36 for every 500 ug/L
above 1,000 pg/L.! This effect was not statistically signifi-
cant among higher risk MDS subtypes. Data from the
Piedmont registry similarly showed inferior OS with a
baseline ferritin >800 pg/L among lower but not higher
risk patients.™ Our ferritin data are in agreement with
these. Malcovati et al. posited that only patients with
lower risk MDS subtypes survived long enough to manifest
the sequelae of tissue |10. The compelling association be-
tween TSAT >80% and inferior OS in our higher risk pa-
tients argues against this. Furthermore, that ferritin and
TDD were interchangeable in our MVA after adjusting for
TSAT suggests that both metrics are influenced by the de-
gree of underlying bone marrow failure. Thus, while ferritin
appears to be an adequate marker of 10 in lower risk dis-
ease, it may be confounded by worsening bone marrow
failure, infections and inflammation in higher risk patients.
That higher TSAT also associates with inferior PFS and
LFS, particularly in higher risk patients, supports the hy-
pothesis that LPlI may drive mutagenesis, progressive
bone marrow failure and progression to leukemia. Pre-
clinical and translational evidence of the impact of 10 on
DNA mutation rates, error-prone DNA repair, loss of hema-
topoietic stem cell quiescence and bone marrow failure
is extensive, and has been reviewed elsewhere.® Higher
risk patients may be particularly vulnerable,”® possibly due
to a higher burden of clonal complexity and/or chromo-
somal instability compared to lower risk patients.
Cardiac disease is a leading cause of death in MDS.""® The
rate of cardiac death in this study was remarkably similar
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to that reported elsewhere.® Clonal hematopoiesis may
contribute to accelerated cardiovascular disease via in-
creased inflammatory markers.”® IO may also contribute;
cardiomyocytes rely heavily on mitochochondrial activity,
which is particularly susceptible to iron-driven oxidative
damage.® Transfused chelated MDS patients have a de-
layed time to cardiac event?® and a trend toward fewer
cardiac conditions compared to their non-chelated
counterparts.?” In the randomized placebo-controlled
TELESTO trial, worsening cardiac function and cardiac
death were less common with ICT, albeit with small
sample sizes.”? We found that while ferritin >800 pg/L did
not predict CDFS (P=0.90), TSAT >80% showed a trend to-
wards significance (P=0.053). Interestingly, TSAT and CDFS
were associated in patients who were TD at baseline, sug-
gesting that a prolonged duration of transfusions is
required to accumulate clinically meaningful cardiac iron
and/or oxidative damage to cardiomyocytes. Alternatively,
baseline TD patients may have a higher burden of clonal
hematopoiesis contributing to earlier cardiovascular dis-
ease. That ferritin was not associated with CDFS may be
related to the threshold used, as ferritin >3,000 pg/L is
associated with an increased risk of cardiac disease or
death in another report of primarily lower risk TD
patients.? Overall, our CDFS findings are hypothesis-gen-
erating, and should be interpreted with caution given the
limited sample size in this analysis.

Preclinical data suggest that IO may increase the risk of
infections, possibly through functional impairment of neu-
trophils, macrophages and natural killer cells.?*?" Clinical
studies in MDS support this; higher rates of infection are
reported among TD versus Tl patients,?® and ICT may pro-
long the time to first infection among transfused lower

Figure 5. The effect of iron chelation therapy (ever vs. never).
Iron chelating therapy has an attenuating effect on the adverse
prognostic impact of a higher transferrin saturation (TSAT) in
both intermediate (TSAT 50-80%) and high (TSAT >80%)
groups, although sample sizes were limited in the tails of the
Kaplan Meier survival curves.
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Figure 6. Cardiac death-free survival. Among patients who were transfusion-dependent at enrollment, higher mean transferrin
saturation (TSAT) was associated with inferior cardiac death-free survival (A), but higher mean ferritin was not (B). Total numbers
of patients at time zero in the black, red and blue groups were 75, 107 and 36 for the analysis by TSAT, and 48, 31 and 139 for the

ferritin analysis, respectively.

risk patients.?® Elevated ferritin and baseline LPI are risk
factors for infection following hematopoietic stem cell
transplantation for hematologic disorders.***% Fur-
thermore, NTBI and LPI promote bacterial and fungal
growth in the sera of such patients.*** In the latter study,
elevated LPI and fungal growth in vitro were associated
with a TSAT >75%.* We demonstrated an association be-
tween elevated ferritin and infectious death in MDS.
Higher TSAT, however, did not show an association, sug-
gesting that, at least in the most severe infections leading
to death, ferritin may represent an acute phase reactant.
Unfortunately, our registry only audits infectious deaths,
not total infectious episodes, and thus only captures a
small subset of infectious complications. Furthermore,
cause of death was missing in 18% of patients. These fac-
tors, together with the limited number of patients with
TSAT >80% (above which LPI is increased) may partially
explain why TSAT did not associate with infectious death.
Limitations of this study include the use of mean labora-
tory values in survival analyses. While a mean value over
time is cumbersome to track clinically, we preferred this
approach over an arbitrary static measure (i.e., at enrol-
ment or at year 1), and were reassured by the findings that
TSAT remained stable over time in Tl patients and in-
creased slightly in TD patients. Further limitations include
the measurement of cardiac and infectious deaths rather
than cardiac and infectious events; the latter were not re-
liably captured in the registry. Further study of the impact
of TSAT and ferritin on cardiac and infectious morbidity is
warranted. Similarly, larger studies comparing the clonal
evolution and outcomes of patients with TSAT >80% who
do and do not receive ICT may clarify the impact of sup-

pressing labile plasma iron.

While a minority of patients in our cohort received ICT,
TSAT should be interpreted with caution in chelated pa-
tients. The presence of free chelate in plasma may artifi-
cially increase the measured total iron binding capacity
(TIBC) and thus reduce the calculated TSAT. Conversely,
chelate-iron complexes may be measured as serum iron,
thereby increasing the TSAT.*® True measurement of TSAT
during ICT requires alternative laboratory techniques (i.e.,
urea gel method) or a chelator washout. Furthermore, in
a large prospective study of transfusion-dependent ane-
mias, TSAT was not significantly reduced after one year of
deferasirox.®® Survival analyses demonstrating an attenu-
ating effect of ICT on the impact of TSAT are limited by
sample sizes.

Conclusion

In a large prospective study of MDS patients of all risk cat-
egories, TSAT >80% and ferritin >800 pg/L were clinically
significant levels associated with inferior OS, PFS and LFS.
The effects of transfusional IO were not restricted to
lower risk patients, and a higher TSAT appears to be a
better biomarker for 10 toxicity than ferritin among higher
risk patients. Compared to ferritin, TSAT may better reflect
of the degree of oxidative stress present. Further study of
the relationships between TSAT, reactive oxygen species,
PFS, LFS and CDFS in MDS is warranted.
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