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Summary

Idiopathic multicentric Castleman disease (iMCD) is a rare haematological disorder
characterized by generalized lymphadenopathy with atypical histopathological fea-
tures and systemic inflammation caused by a cytokine storm involving interleukin-
6 (IL-6). Three clinical subtypes are recognized: thrombocytopenia, anasarca, fever,
renal dysfunction, organomegaly (iMCD-TAFRO); idiopathic plasmacytic lymphad-
enopathy (iMCD-IPL), involving thrombocytosis and hypergammaglobulinaemia;
and iMCD-not otherwise specified (iMCD-NOS), which includes patients who do not
meet criteria for the other subtypes. Disease pathogenesis is poorly understood, with
potential involvement of infectious, clonal and/or autoimmune mechanisms. To bet-
ter characterize iMCD clinicopathology and gain mechanistic insights into iMCD, we
analysed complete blood counts, other clinical laboratory values and blood smear mor-
phology among 63 iMCD patients grouped by clinical subtype. Patients with iMCD-
TAFRO had large platelets, clinical severity associated with lower platelet counts and
transfusion-resistant thrombocytopenia, similar to what is observed with immune-
mediated destruction of platelets in immune thrombocytopenic purpura. Conversely,
elevated platelet counts in iMCD-IPL were associated with elevated IL-6 and declined
following anti-IL-6 therapy. Our data suggest that autoimmune mechanisms contrib-
ute to the thrombocytopenia in at least a portion of iMCD-TAFRO patients whereas
IL-6 drives thrombocytosis in iMCD-IPL, and these mechanisms likely contribute to
disease pathogenesis.
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INTRODUCTION

Idiopathic multicentric Castleman disease (iMCD) is a haema-
tological disorder characterized by generalized lymphadenop-
athy, polyclonal lymphoproliferation and inflammation driven
by excessive cytokines that can lead to multi-organ dysfunction
and death.! Although the proinflammatory cytokine, interleu-
kin-6 (IL-6) is an established pathogenic driver in a proportion
of patients, there is limited understanding of the aetiology and

© 2024 British Society for Haematology and John Wiley & Sons Ltd.

pathophysiology underlying iMCD. Infectious, neoplastic and
autoimmune mechanisms have all been hypothesized to play
arole in iMCD. The poor understanding of underlying mech-
anisms has limited the development of specific diagnostic
tests and effective therapies beyond IL-6 inhibitors.> Among
patients who do not respond to first-line therapy with IL-6
blockers, few effective treatment options exist.! Thus, a better
understanding of the mechanisms involved in iMCD is needed
to help identify new diagnostic tests and additional therapies.
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Consensus diagnostic criteria for iMCD were developed
in 2017 and require two major criteria which include char-
acteristic lymph node histopathology and enlarged lymph
nodes at multiple stations. In addition, at least two of 11
minor criteria must be met including at least one laboratory
abnormality.” Given the poor specificity of the diagnostic
criteria, providers must also exclude infectious, malignant
and autoimmune disorders to diagnose iMCD.! Diagnostic
lymph node histopathologic features include regressed or
hyperplastic germinal centres, hypervascularization, follic-
ular dendritic cell prominence and plasmacytosis. Lymph
nodes are classified as hypervascular (regressed germinal
centres and prominent vascularization), plasmacytic (hy-
perplastic germinal centres with prominent plasmacytosis)
or mixed (overlapping features of both histopathologies).
However, there is frequent discordance among pathologists
about the presence or absence of these subjective histopatho-
logical features, highlighting the importance of identifying
new diagnostic biomarkers.

Despite iMCD patients sharing a spectrum of histopatho-
logical features, iMCD describes a heterogeneous group of
inflammatory disorders™*” that can be further divided into
three clinical subtypes (Table 1). The most aggressive and
clinically severe subtype involves a constellation of abnor-
mal laboratory and clinical features including thrombocyto-
penia (T), anasarca (A), fever/elevated C-reactive protein (F),
reticulin myelofibrosis/renal failure (R) and organomegaly
(0) also known as iMCD-TAFRO.*™ Without prompt ther-
apy, disease progression in iMCD-TAFRO patients can rap-
idly escalate to multiorgan dysfunction and death.'” Other
subtypes include idiopathic plasmacytic lymphadenopathy
(iMCD-IPL), which involves hypergammaglobulinaemia
and thrombocytosis,'"'* and iMCD-not otherwise specified
(iIMCD-NOS), which does not meet the criteria for either
iMCD-TAFRO or iMCD-IPL." Rather than exhibitingacute,
life-threatening symptoms, iMCD-IPL and iMCD-NOS pa-
tients tend to experience moderate, persistent symptoms.14

The heterogeneous clinical features across the three clin-
ical subtypes of iMCD suggest that divergent pathological
mechanisms may lead to the defining lymph node enlarge-
ment, lymph node histology and systemic inflammation. To
identify mechanisms leading to these clinically distinct phe-
notypes, we analysed quantitative clinical laboratory values

TABLE 1

iMCD-TAFRO iMCD-IPL

Thrombocytopenia (<100k/uL)

Anasarca

Fever/elevated CRP (>20 mg/L)

Renal dysfunction

(Creatinine >1.1 (F) >1.3 (M) mg/dL)/
Reticulin fibrosis

Organomegaly (includes
lymphadenopathy)

Definition: (T+A+F+0)+(R|R) Definition:

Hypergammaglobulinemia+ thrombocytosis

Idiopathic plasmacytic lymphadenopathy
Hypergammaglobulinemia

(y globulin >1.7g/dL; IgG > 1700 mg/dL)
Thrombocytosis (>400k/uL)

and qualitative blood smear features from iMCD patients.
Low platelet counts in iMCD-TAFRO were associated with
the presence of large platelets with elevated mean platelet
volume (MPV) and in at least a portion of patients, a lack
of improvement in platelet count after platelet transfusion.
Conversely, high platelet counts in iMCD-IPL were associ-
ated with elevated levels of IL-6. The data presented here un-
cover new insights into iMCD clinical subtypes and suggest
varying mechanisms that underlie iMCD pathogenesis.

MATERIALS AND METHODS
Clinical and laboratory data

Clinical and laboratory data were obtained for 63 iMCD pa-
tients enrolled in the ACCELERATE natural history registry
(NCT02817997) who met clinical and laboratory criteria for
iMCD.! Based on clinical and laboratory data using cur-
rent diagnostic guidelines,"® patients were categorized into
iMCD-TAFRO (n=38), iMCD-IPL (n=11) and iMCD-NOS
(n=14) (Table 1). Complete blood counts (CBC) included
total white blood cells, monocytes, lymphocytes, neutro-
phils, basophils, eosinophils, platelet counts and MPV
measurements. Clinical data evaluated included haemoglo-
bin, C-reactive protein (CRP), albumin, creatinine and im-
munoglobulin G (IgG) levels. CBC counts, clinical values
and peripheral blood smears evaluated for this study were all
performed as part of routine clinical care. Peripheral blood
count data were obtained from CBC tests performed within
90days of disease diagnosis. Date of disease diagnosis was
defined as date of lymph node resection and histopathologic
confirmation of iMCD. For patients with multiple CBC tests
available within 90 days of disease diagnosis, CBC data clos-
est to date of disease diagnosis were selected for analysis. All
available data on peripheral blood smear morphologic find-
ings were included in the analysis based on the report pro-
vided by the local pathologist (Table S1). For patients with
multiple blood smears available, all abnormalities were re-
ported once, even if not present on all smears or present on
multiple smears. Multiple smears were available for 45/63 pa-
tients. Platelet transfusion data were available for 11 iMCD-
TAFRO patients. Patients were considered to be refractory if

Criteria used to classify patients according to clinical subtypes of iMCD.

iMCD-NOS

Not otherwise specified

Definition: Does not achieve criteria for TAFRO
or [PL
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the platelet count increased by less than 10 x 10°/L following
transfusion.”” Anti-platelet antibody tests were available for
tive iMCD-TAFRO patients.

Serum proteomics data

Serum samples were obtained from an independent cohort
of 88 iMCD patients, with 73 pretreatment disease flare
samples collected as part of the siltuximab phase 2 study
(NCT01024036) and 15 disease flare samples collected in
real-world practice from six sites.'*"” Samples collected in
real-world practice were included to better represent the full
spectrum of iMCD. Due to a lack of available clinical data,
patients in the serum proteomics study were categorized
into clinical subtypes by platelet counts and IgG levels
only: patients with low platelets (<150k/ul) and normal
IgG (TAFRO), those with high platelets (>400k/ul)) and/
or high IgG (>1700 mg/dL) (IPL), and those that did not fall
into either category (NOS). Quantification of 1305 protein
analytes was performed using the SomaLogic SOMAscan
assay, a DNA-based aptamer technology per manufacturer's
protocol.'® Values were standardized and log2 transformed.
Values below the limit of detection were capped with the
least detectable dose. IL-6 and TPO levels were included in
the current report.

Statistical analysis

A one-way ANOVA was used to compare laboratory val-
ues between subgroups and p-values were reported. For
platelet counts and IgG, a Bonferonni's correction was ap-
plied to account for multiple comparisons and determine
significance between individual groups. For patient de-
mographics, clinical characteristics and peripheral blood
morphologic findings, a Fisher's exact test was used to
compare features between the three clinical subtypes. To
compare platelet counts pre- and post-treatment with sil-
tuximab or placebo, paired two-sided t-tests were used.
Spearman's correlation coefficient was used to determine
the relationship between log2-transformed IL-6 values
and platelets or TPO levels. A one-way ANOVA was used
to compare IL-6 levels between the clinical subgroups.
A Bonferroni correction was applied to account for mul-
tiple comparisons. All analyses were performed using
GraphPad Prism Version 9.3.1.

RESULTS
Patient characteristics

To identify differences among iMCD clinical subtypes,
we first compared patient characteristics and clinical
laboratory values. Of the 63 iMCD patients included in this
study, 34 were male and 29 were female with an average age

BJ

at diagnosis of 35.6years (range: 1.8-55.8years) (Table 2).
Histopathological analysis showed that lymph nodes from
iMCD-TAFRO patients were more frequently hypervascular
in appearance compared to iMCD-IPL patients (p=0.0003),
whereas plasmacytic lymph node features were more
common in iMCD-IPL patients (p=0.0007). The analysis
also identified differences in the proportions of individuals
from various races across the three clinical subgroups
(Table 2).

As expected because specific clinical criteria were used
to group patients, iMCD-TAFRO patients had greater pro-
portions of organomegaly and fluid accumulation as well
as lower platelet counts compared to the other two clinical
subtypes (Tables 2 and 3). Accordingly, iMCD-IPL patients
had the highest platelets and highest IgG levels (Table 3;
Figure S1). iMCD-TAFRO patients had the lowest plate-
let counts among the three groups and had a significantly
higher MPV compared to iMCD-IPL patients (Figure 1A;
Figure S1). Interestingly, the platelet count was negatively as-
sociated with MPV (Figure 1B). The mean platelet count of
122.6 x 10°/L for iMCD-TAFRO patients was higher than ex-
pected. One possible explanation for this is that the platelet
counts used were observed closest to the date of iMCD diag-
nosis, which does not necessarily capture the patients' low-
est platelet value. We repeated our analysis using the lowest
platelet levels ever recorded per patient among the subgroups
(Figure S2). In this analysis, the median platelet count for
iMCD-TAFRO patients was 22.5x 10°/L with 9/38 (23.4%)
exhibiting platelet counts less than 10x 10°/L. Additionally,
the differences in platelet count between iMCD-TAFRO and
the other two subtypes were more pronounced. The platelet
counts in iMCD-TAFRO were, on average, more than 7-fold
and 4.5-fold lower compared to iMCD-IPL or iMCD-NOS
patients respectively. These data suggest that the differences
reported among the subgroups may be even more significant
when patients experience the worst of their disease.

iMCD-TAFRO patients also had the lowest haemoglobin
and albumin levels, which is consistent with the published
literature.>'" Although many blood analytes, such as C-
reactive protein, haemoglobin, albumin and creatinine, were
abnormal or borderline abnormal across iMCD patients,
white blood cell count was the only cellular measurement
different between subgroups, which was slightly above the
normal range in iMCD-TAFRO patients (Table 3).

Large platelets in iMCD-TAFRO are among the
most common peripheral blood morphologic
abnormalities

Inflammation and autoimmunity can cause changes in
blood cell size, shape and colour.”” To identify potential
blood morphological features, we quantified abnormali-
ties described by local pathologists on blood smears and
compared their frequencies between subtypes. While
iMCD-TAFRO patients demonstrated nominally higher fre-
quencies of the most common morphological irregularities,
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TABLE 2 Patient demographics and clinical characteristics.

iMCD total iMCD-TAFRO
n=63 n=38

Gender, 1 (%)

Male 34 (54) 22 (58)

Female 29 (46) 16 (42)
Age at diagnosis

Mean (SD) 35.6 (16) 33.6 (18)
Self-reported race, n (%)

Black 7 (11) 3(8)

White 39 (62) 27 (71)

Asian 9(14) 3(8)

Other 8(13) 5(13)
Histopathological subtype, n (%)

Hypervascular 39 (62) 29 (76)

Mixed 16 (25) 9 (24)

Plasmacytic 5(8) 0

Unknown 31(5) 0
Constitutional symptoms, 1 (%)

Yes 60 (95) 37 (97)

No 3(5) 1(3)

Not assessed 0 0
Organomegaly, 1 (%)

Yes 49 (79) 35 (92)

No 13 (21) 3(8)

Not assessed 1 0
Fluid accumulation, 7 (%)

Yes 51 (86) 38 (100)

No 8 (14) 0

Not assessed 4 0

iMCD-IPL iMCD-NOS
n=111 n=14 p-Value®
0.492
4 (36) 8(57)
7 (64) 6(43)
42.5 (10) 35.5 (14) 0.294
0.0183
0 4(29)
4(36) 8(57)
5 (46) 1(7)
2(18) 1(7)
<0.0001
1(9) 9 (64)
3(27) 4(29)
5 (46) 0
2 (18) 1(7)
0.345
10 (91) 13 (93)
1(9) 1(7)
0 0
0.0005
4(36) 10 (77)
7 (64) 3(23)
0 1
0.0001
5 (56) 8(67)
4 (44) 4(33)
2 2

*p-Values were generated from Fisher's exact analysis of iMCD-TAFRO, iMCD-IPL and iMCD-NOS.

a range of abnormalities in platelets, red blood cells (RBCs)
and white blood cells was noted in all three clinical subtypes
(Table 4). The phenotypes captured would not be expected
in healthy individuals but can be found in a variety of other
diseases.”

Red blood cell morphologic findings across iMCD pa-
tients included abnormalities in size, such as anisocytosis
(n=37/63, 59%), microcytosis (n=32/63, 51%), macrocytosis
(n=20/63, 32%) and abnormalities in colour, such as hypo-
chromia (n=36/63, 57%) and polychromasia (# =37/63, 59%).
Abnormalities in shape, such as poikilocytosis (n=27/63,
43%), schistocytosis, teardrops and ovalocytes, were also re-
ported frequently. White blood cell morphologic abnormal-
ities, such as toxic granulation and toxic vacuolization, were
more prominent in iMCD-TAFRO cases but were noted less
frequently overall.

Between clinical subtypes, we discovered a range of dif-
ferences in blood smear features. In particular, large plate-
lets were observed to be approximately three times and two
times more frequent in iMCD-TAFRO than iMCD-IPL and

iMCD-NOS respectively. The higher frequency of large
platelets reported in iMCD-TAFRO patients mirrored the
higher MPV values measured in iMCD-TAFRO patients
(Table 3; Figure 1). Together, these data suggest that newly
formed platelets, which tend to be larger, are associated with
the characteristic thrombocytopenia in iMCD-TAFRO;
however, the cause of these platelet abnormalities remains
unknown.

iMCD-TAFRO patients can exhibit
refractoriness to platelet transfusion

Megakaryocytic hyperplasia in the bone marrow is a com-
mon feature of iIMCD-TAFRO suggesting that platelet
production is likely increased to compensate for the loss
of platelets in circulation.*’ Potential causes of thrombocy-
topenia in iMCD-TAFRO other than a decrease in platelet
production include increased platelet turnover or activa-
tion, peripheral destruction or sequestration. Given the
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TABLE 3 Laboratory values across iMCD subtypes.

Normal

range iMCD total
White blood cells (10°/L) 4.5-11.0 10.9 (5.8), 63
Mean (SD), n
Absolute neutrophils (10°/L) 1.8-7.7 6.9 (3.9), 60
Mean (SD), n
Absolute lymphocytes (10°/L) 1.0-4.8 1.80 (1.1), 58
Mean (SD), n
Absolute monocytes (10°/L) 0.2-1.2 0.73 (0.6), 59
Mean (SD), n
Absolute eosinophils (10°/L) 0.0-0.9 0.10 (0.1), 57
Mean (SD), n
Absolute basophils (10°/L) 0.0-0.3 0.03 (0.1), 56
Mean (SD), n
Platelets (IOQ/L) 150-400 212 (173), 61
Mean (SD), n
MPV (fL) 6.0-13.2 9.64 (2.1), 60
Mean (SD), n
Haemoglobin (g/dL) 13.5-17.5 10.2 (2), 63
Mean (SD), n
CRP (mg/L) >10 99.3 (93), 48
Mean (SD), n
Albumin (g/dL) 3.5-5.5 2.7 (1), 62
Mean (SD), n
Creatinine (mg/dL) 0.6-1.3 1.2 (1), 62
Mean (SD), n
IgG (mg/dL) 600-1700 1989 (1758), 51
Mean (SD), n

BRITISH JOURNAL OF HAEMATOLOGY

iMCD-TAFRO iMCD-IPL iMCD-NOS p-Value®
12.3 (6.4), 38 7.83 (3.3), 11 9.50 (4.7), 14 0.0460
7.43 (3.9), 35 5,52 (3.5), 11 6.41 (4.1), 14 0.331
1.85(1.2), 35 1.31 (0.4), 10 2.23 (1.0), 13 0.131
0.79 (0.6), 35 0.63 (0.4), 10 0.63 (0.5), 14 0.551
0.08 (0.1), 33 0.11 (0.1), 10 0.15 (0.1), 14 0.0965
0.04 (0.1), 34 0.04 (0.1), 9 0.02 (0.02), 13 0.776
123 (100), 36 440 (200), 11 271 (107), 14 <0.0001
10.3 (1.8), 38 7.65 (1.5), 10 9.09 (2.2), 12 0.0019
9.7 (2), 38 10.3 (3), 11 115 (2), 14 0.0385
111 (101), 33 112 (68), 8 31.0 (39), 7 0.107
2.4(1),38 2.9 (1), 11 3.6(1), 13 <0.0001
1.3 (1), 38 0.8 (0.3), 11 1.2(1),13 0.129
1254 (927), 32 4773 (1728), 10 1504 (716), 9 <0.0001

*p-Values were generated from one-way ANOVA analysis of iMCD-TAFRO, iMCD-IPL and iMCD-NOS.
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Higher MPV values detected in iMCD patients with thrombocytopenia. (A) MPV values in iMCD subtypes. The shaded region

represents the normal range. Data are mean + SD. (B) The relationship between platelet count and MPV in iMCD as determined by Spearman correlation

(R=-0.4666; p=0.0002). TAFRO, n=38; IPL, n=6; NOS, n=11. **p<0.01.

large platelets with elevated MPV and single-digit platelet
counts observed in iMCD-TAFRO, which are also charac-
teristics of immune thrombocytopenic purpura (ITP),* "%
we hypothesized that one mechanism contributing to
the severe thrombocytopenia in iMCD-TAFRO could
be immune-mediated platelet destruction that occurs in
ITP. We evaluated this by assessing changes in platelet

counts following platelet transfusions, as counts do not
significantly increase following transfusions in ITP due
to immune-mediated destruction.”* Among the 11 iMCD-
TAFRO patients where platelet counts were measured
within 24 h after receiving platelet transfusions, only one
(9.1%) achieved a clinically significantincrease (>30 x 10°/L)
following transfusion (Figure 2). Three iMCD-TAFRO
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TABLE 4 Peripheral blood smear morphologic findings in iMCD.

iMCD Total iMCD-TAFRO iMCD-IPL iMCD-NOS
n=63 n=38 n=11 n=14 p-Value®

Platelets

Large platelets, n (%) 30 (47.6) 23 (60.5) 2(18.2) 5(35.7) 0.0260
RBC shape

Poikilocytosis, 7 (%) 27 (42.9) 21 (55.2) 4(36.4) 2 (14.3) 0.0253

Schistocytes, 1 (%) 21 (33.3) 18 (47.4) 1(9.09) 2 (14.3) 0.0175

Teardrops, 1 (%) 20 (31.7) 19 (50) 0 (0) (710 <0.001

Ovalocytes, 7 (%) 27 (47.6) 20 (52.6) 4 (36.4) 3(21.4) 0.118
RBC size

Anisocytosis, 1 (%) 37 (58.7) 27 (71.1) 3(27.3) 7 (50) 0.0240

Microcytosis, 1 (%) 32(50.8) 20 (52.6) 6 (54.5) 6 (42.9) 0.827

Macrocytosis, 1 (%) 20 (31.7) 15 (39.5) 2(18.1) 3(21.4) 0.348
RBC colour

Hypochromia, 1 (%) 36 (57.1) 27 (71.1) 4(36.4) ClGoE) 0.0218

Polychromasia, # (%) 37 (58.7) 26 (68.4) 6 (54.5) 5(35.7) 0.0988
WBC features

Atypical lymphocytes, n (%) 8(12.7) 5(13.2) 1(9.1) 2 (14.3) 1

Dohle bodies, 1 (%) 4(6.3) 4(10.5) 0 0 0.464

Hypersegmented polymorphonuclear 5(7.9) 5(13.2) 0 0 0.266

leucocytes, 1 (%)

Left shift, n (%) 3(4.8) 3(7.9) 0 0 0.752

Pseudo-Pelger-Huét, 1 (%) 1(1.6) 1(2.6) 0 0 1

Smudge cells, 1 (%) 5(7.9) 4(10.5) 0 1(7.1) 0.815

Toxic granulation, 1 (%) 11 (17.5) 11 (28.9) 0 0 0.0073

Toxic vacuolization, 1 (%) 8(12.7) 8 (21.1) 0 0 0.0715

*p-Values were generated from Fisher's exact analysis of iMCD-TAFRO, iMCD-IPL and iMCD-NOS.
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FIGURE 2 Minimal change in platelet count following platelet
transfusion in iMCD-TAFRO patients. Platelet increment, the change

in platelet count pre- and post-transfusion, is provided versus time in
hours after platelet transfusion. Each dot indicates one patient. n=11. The
platelet count taken closest to the time of transfusion was used if multiple
platelet counts were measured.

patients had platelet increments, the change in platelet
counts before and after transfusion, under 5 x 10°/L within
4h after transfusion and were considered refractory. An

additional seven iMCD-TAFRO patients had a change in
platelet count less than 30 x 10°/L. Anti-platelet antibod-
ies were measured in only five iMCD-TAFRO patients and
three of these patients had positive tests. One of the three
patients was tested prior to platelet transfusion and can be
confirmed to have platelet autoantibodies while the others
were tested after at least one platelet transfusion so they
may have developed anti-platelet alloantibodies against the
transfusion. More data are needed to determine the fre-
quency of iMCD-TAFRO patients with self-reactive anti-
platelet antibodies. These data suggest immune-mediated
destruction of platelets, which occurs in I'TP, may contrib-
ute to thrombocytopenia in at least a proportion of iMCD-
TAFRO patients. In addition to anti-platelet antibodies,
patients with ITP also typically have antibodies against
RBCs, suggesting that the immune-mediated destruction
is non-specific. Interestingly, 8/14 (57%) of iMCD-TAFRO
patients tested for the Coomb's test had positive results,
indicating the presence of antibodies against RBCs. The
presence of antibodies against RBCs may support the
possibility of immune-mediated mechanisms underlying
the haematological abnormalities in at least a portion of
iMCD-TAFRO patients. However, further work is needed
to investigate this possibility.
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Increased IL-6 levels are associated with elevated
platelets in iMCD-IPL

Unlike iMCD-TAFRO patients who exhibit severe throm-
bocytopenia and large platelets that may, in part, be driven
by immune-mediated destruction, iMCD-IPL patients
have thrombocytosis that occurs by an unknown mech-
anism. Given that IL-6 is known to promote megakary-
opoiesis and platelet production in other contexts,*” > we
investigated whether elevated IL-6 levels could account for
thrombocytosis in iMCD-IPL. To determine if IL-6 also
promotes platelet production in iMCD, we utilized data
from a previously published study where serum samples
were analysed before and after IL-6 blockade with siltuxi-
mab. Before siltuximab treatment, we discovered a signifi-
cant association between serum IL-6 and platelet counts

BJ

across iMCD clinical subtypes (Figure 3A). Interestingly,
IL-6 was also positively correlated with the megakary-
opoiesis driver thrombopoietin (TPO) (Figure 3B).
Although these patients could not be appropriately sub-
typed due to limited clinical information at the time of di-
agnosis, we used available clinical laboratory data to group
iMCD patients into likely clinical subtypes and compared
their serum IL-6 levels. Patients with high platelets and/or
high IgG, considered iMCD-IPL, had significantly higher
levels of IL-6 in circulation compared to patients with
low (iMCD-TAFRO) or normal platelets (iMCD-NOS)
(Figure 3C). After treatment with siltuximab, both plate-
let and TPO levels fell indicating that IL-6 drives plate-
let production by promoting megakaryopoiesis in iMCD
(Figure 3D,E). Together, these data suggest that elevated
serum IL-6 mediates thrombocytosis in iMCD-IPL.
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FIGURE 3

IL-6 levels associated with increased platelet count in iMCD. Spearman correlation between log2-transformed IL-6 values and (A)

platelet counts (R=0.3741; p=0.0003) and (B) thrombopoietin (TPO) (R=0.3277; p=0.0018) in n=88 iMCD patients. (C) Log2-transformed IL-6 values
across TAFRO- (n=12), IPL- (n=25) and NOS- (n=51) iMCD patients. Data are mean+SD. The change in (D) platelet count and (E) TPO in iMCD
patients following administration of anti-IL-6 blockade with siltuximab (platelets, n="50; TPO, n=48) or placebo (platelets, n=22; TPO, n=20). *p<0.01,

9 < 0,001, % <0.0001.
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DISCUSSION

In this study, we report laboratory abnormalities and mor-
phological findings in a large cohort of iMCD patients and
suggest mechanisms underlying abnormalities in platelet
counts often present in iMCD-TAFRO and iMCD-IPL clini-
cal subtypes. This study is the largest and most comprehen-
sive analysis of peripheral blood morphologic findings in
iMCD to date.

Interestingly, we observed large platelets with elevated
MPV in a majority of iMCD-TAFRO patients, which has
not previously been reported. Large platelets can be found
in other disorders including ITP, myeloproliferative disor-
ders, pseudothrombocytopenia and inherited platelet disor-
ders®?* ¥ and suggests accelerated platelet production and
early release into circulation.” Megakaryocytic hyperpla-
sia in the bone marrow, which was previously reported in
iMCD-TAFRO,? would be expected in patients with large
platelets with elevated MPV and likely represents a compen-
satory response to the severe thrombocytopenia.

The minimal response to platelet transfusion (platelet
increments of less than 5x10°/L) in 3/11 iMCD-TAFRO
patients suggests immune-mediated platelet destruction as
one mechanism promoting thrombocytopenia in a portion
of iMCD-TAFRO patients. Although platelet refractori-
ness calculations typically take into account body surface
area and the number of platelets transfused, an increase of
less than 10x 10°/L is considered refractory."” As has been
described previously,”® we reasoned that the very small in-
crease (<5x10°/L) in platelet count following transfusion
observed in a portion of iIMCD-TAFRO patients was likely
immune-mediated, which can be caused by anti-platelet
antibodies. The remaining seven patients (63.6%) that had
platelet increments under 30 x 10°/L likely exhibited platelet
refractoriness, but the mechanism underlying the platelet
refractoriness is currently unknown. We found anti-platelet
antibodies in three of the five iMCD-TAFRO patients for
which we had data and at least one definitively had anti-
platelet autoantibodies since the screening was done prior
to at least one platelet transfusion. It is possible that other
immune-mediated mechanisms, such as inflammation-
driven platelet activation or T-cell-mediated platelet de-
struction that has been implicated in rare cases of ITP,35
or non-immune-mediated mechanisms such as peripheral
platelet sequestration may account for severe thrombocyto-
penia in iMCD-TAFRO. However, the mechanism underly-
ing the thrombocytopenia across all iMCD-TAFRO patients
is still not known.

Patients with the iMCD-IPL subtype demonstrate
thrombocytosis and hypergammaglobulinemia from an
unknown cause. IL-6, which is a known disease driver in a
portion of iMCD patients, has been shown in other settings
to stimulate thrombopoiesis. Accordingly, the administra-
tion of IL-6 is associated with an increase in circulating
platelet counts.’®™** Likewise, we found an independent
cohort that IL-6 promoted platelet production in iMCD
and was significantly higher in patients with high platelets

and that platelet counts reduced significantly upon IL-6
inhibition. Interestingly, we found that TPO, which drives
megakaryopoiesis, was also positively associated with IL-
6. These data suggest that IL-6-driven thrombopoiesis is
one mechanism that could explain the thrombocytosis
observed in iMCD-IPL. Among patients with iMCD-NOS,
who do not have thrombocytopenia or thrombocytosis, it
is interesting to consider the possibility that there is simul-
taneous immune-mediated platelet destruction and IL-6-
driven thrombopoiesis.

There were also a number of morphological changes be-
yond large platelets worth noting. The most common find-
ings in this cohort included abnormalities in RBC shape,
size and colour, such as poikilocytosis, schistocytes, tear-
drops and ovalocytes, which can be seen with immune-
mediated RBC destruction and myelofibrosis, as well as
anisocytosis, microcytosis, macrocytosis, hypochromia
and polychromia. These abnormalities can be found in a
number of conditions, including myelofibrosis, autoim-
mune diseases and other inflammatory conditions."” In
iMCD, they may be related to cytokine-driven anaemia of
chronic inflammation. While the WBC morphological ab-
normalities were less common, they almost all occurred in
iMCD-TAFRO. The high proportion of toxic granulation
and vacuolization in neutrophils, which is a non-specific
indication of excessive inflammation, is striking and war-
rants future studies.

Our study has a number of limitations. There was no con-
comitant control group of healthy individuals against which
to compare blood smear findings in iMCD. Nonetheless, it is
well established that the peripheral blood smear abnormal-
ities frequently observed in this cohort are rarely observed
in healthy individuals."” An additional limitation is that the
blood smears were analysed by multiple haematopatholo-
gists, potentially leading to variability in results. However,
given that guidelines for blood smear analysis are widely
standardized, this effect is unlikely to alter the results.

In summary, we observed abnormal blood cell mor-
phologies and other laboratory tests in iMCD with notable
differences between subtypes. A portion of iMCD-TAFRO
patients demonstrated thrombocytopenia that was resistant
to platelet transfusion as well as large platelets with elevated
MPV. In contrast, elevated platelet counts in iMCD-IPL pa-
tients were associated with high levels of IL-6 and declined
following anti-IL-6 treatment with siltuximab. Our study
revealed fundamental differences in laboratory findings in
a large cohort of iMCD patients and suggests that distinct
disease mechanisms underlie the platelet abnormalities in
iMCD subtypes and may play further mechanistic roles in
disease pathogenesis. Future studies are needed to deter-
mine the therapeutic implications of these findings.
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