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Anti—platelet factor 4 (PF4) antibodies have a central role in the
pathophysiology of thrombosis and thrombocytopenia in
heparin-induced thrombocytopenia (HIT)'? and vaccine-
induced immune thrombotic thrombocytopenia wvITT).>7
Here, we present the case of a patient with recurrent throm-
bosis and thrombocytopenia, secondary to a persistent anti-
PF4/polyanion monoclonal antibody due to an underlying
neoplastic condition, which we refer to as monoclonal gam-
mopathy of thrombotic/thrombocytopenic significance (MGTS).
The implications of these findings for the investigation of
unexplained thrombophilia are discussed.

A 64-year-old man presented for evaluation of recurrent
thrombotic episodes. His medical history included segmental
and subsegmental pulmonary emboli, portal vein thrombosis,
non-ST elevation myocardial infarction, splenic infarction, and
ST elevation myocardial infarction (Figure 1A). Extensive
investigations performed did not support a thrombophilia
diagnosis (supplemental Table 1 and supplemental Materials;
available on the Blood website). His platelet counts were noted
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to be frequently decreased during these hospitalizations
(<150 x 10%/L; Figure 1A). He had a history of thrombosis in the
absence of heparin administration, breakthrough thrombosis
even while on anticoagulation (apixaban/warfarin), as well
as adverse reactions to heparin on occasions when it was used,
as noted in supplemental Materials. Investigation for HIT
revealed positive PF4/polyanion HIT enzyme-linked immuno-
sorbent assay (ELISA) (1.983 optical density) and serotonin
release assay (SRA) (95% serotonin release).

Platelet counts were available for almost a decade prior to
presentation, and nadir counts were above the lower limit of the
normal reference range until ~4 years prior to presentation
(Figure 1A). Periodic infusions of intravenous immunoglobulin
were associated with transient increases in platelet counts
(supplemental Figure 1). One of the intravenous immunoglob-
ulin infusions was used in the setting of splenic infarction, and
others were administered due to concern for thrombosis in the
setting of worsening thrombocytopenia. Four years prior, he
was noted to have an immunoglobulin G (IgG) ¥ monoclonal
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Figure 1. Trending of laboratory variables and affinity purification of the anti-PF4/polyanion antibody. (A) Nadir platelet count (closed circles) and peak serum
monoclonal protein (M-protein) levels (open triangles) for each year of clinical data prior to and including the year of presentation to Mayo Clinic are shown on the left and
right y-axes, respectively. The lower limit of the normal platelet reference range is depicted by a dotted line (150 x 10/L). (B) HIT, VITT (Ad26.COV2.S-associated), normal
control, and patient samples were run in an uncomplexed PF4 (VITT) ELISA. The dotted line represents the positive cutoff of the assay. (C) Experimental scheme for affinity
purification of anti-PF4/polyanion antibodies is shown. (D-E) Eluates from PF4/heparin or phosphate-buffered saline (PBS)/control beads were evaluated for their ability to
activate PF4-treated platelets (D) and bind PF4/polyanion targets (E). Mean and 1 SD of triplicate measurements are presented in (B), (D), and (E), and (A) presents single
measurements of nadir platelet counts and M-protein level. m/z, mass-to-charge ratio; STEMI; ST elevation myocardial infarction; NSTEMI, non-ST elevation myocardial
infarction.

gammopathy of undetermined significance (MGUS, 0.1 g/dL) evidence of malignancy or bone lesions indicative of multiple
during evaluation for back pain. Monoclonal protein (M-protein) myeloma. Numerous HIT ELISA and SRAs obtained in the
MGUS levels showed a gradual but significant increase from 2 years prior to presentation showed consistent positivity in

0.1 g/dL to 0.6 g/dL during the 4-year period. No clonal both assays (ELISA: mean 2.12 optical density, standard devi-
plasma/B-cell populations were identified on bone marrow ation [SD] [0.25], n = 16; SRA: mean 95% [8%], n = 11). Patient
biopsy. A positron emission tomography scan did not show any antibodies, like HIT antibodies, did not recognize uncomplexed
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Figure 2. M-protein and monoclonal anti-PF4/polyanion antibody light and heavy chains have identical mass spectrometry profiles. (A) Displayed are LC-ESI-QTOF MS
light chain (LC) +11 (m/z) distributions of serum proteins and (B) anti-PF4/polyanion antibodies isolated from the patient’s serum using PF4-treated heparin Sepharose beads,
as described. In the spectra, red represents the +11 m/z distribution of all k containing immunoglobulins, and blue represents the +11 m/z LC distribution of « chains
associated with an IgG heavy chain (HC). The number above each peak indicates the identified chain’s +11 m/z ratio. The x-axis depicts m/z ratios, and the height of the peak
shows the identified antibodies’ relative abundance. Each subpanel contains an inset depicting the deconvoluted spectra with the molecular mass of the identified immu-
noglobulin LC and a table summarizing the major LC m/z values and deconvoluted masses. Similar to (A) and (B), (C) and (D) display the +37 m/z HC distribution and
deconvoluted spectra for the immunoglobulin y (G) HC spectra from MGTS patient serum and anti-PF4 antibody enriched eluate, respectively. The various peaks in (C) and (D)
depict differentially glycosylated forms of the HC immunoglobulin. (E) PF4-dependent binding of patient IgG HC (y) and k/A LCs to normal donor platelets were evaluated.
Mean and 1 SD of triplicate measurements are presented. (F) Platelet counts (y-axis) were correlated with M-protein levels (x-axis). M-protein intervals were qualitatively
grouped into 4 intervals and the percentage of normal (2150 x 107/L) and low (<150 x 107/L) platelet counts are displayed for each interval. M-protein and platelet count

represented by each data point were obtained on the same day of testing, except on 2 occasions when they were drawn within 48 hours of each other.
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PF4 in a recently developed VITT-specific ELISA® (Figure 1B).
Based on this picture, we hypothesized that the MGUS antibody
had PF4/polyanion specificity and an evaluation of the anti-PF4
antibody was undertaken.

Anti-PF4/polyanion antibodies were affinity purified from the
patient sample using PF4-treated heparin Sepharose beads (as
described in the supplemental Materials) and evaluated by
liquid chromatography electrospray ionization quadrupole
time-of-flight mass spectrometry (LC-ESI-QTOF MS; Figure 1C).
Eluates from the PF4-heparin beads activated platelets
(Figure 1D) and recognized PF4/polyanion targets in ELISA
(Figure 1E), while eluates from control beads (heparin Sephar-
ose beads not treated with PF4) did not. Immunofixation elec-
trophoresis was performed on the native sample to confirm the
presence of an IgG k monoclonal antibody (supplemental
Figure 2), and testing on eluates revealed a similarly
migrating restricted monoclonal IgG « band in PF4-heparin
eluates but not control eluates (supplemental Figure 3).

LC-ESI-QTOF MS performed on the native serum and isolated
anti-PF4/polyanion antibodies demonstrated near-identical
mass between the k light chain of the M-protein in serum
(MGUS; Figure 2A) and the monoclonal anti-PF4/polyanion
antibody in PF4-heparin bead eluates (Figure 2B; eg,
2126.03 vs 2126.05 and 23 375.4 vs 23 375.8). No A light
chains were seen. Similarly, glycosylated I1gG heavy chains
were highly similar in mass between the MGUS (Figure 2C) and
the monoclonal anti-PF4/polyanion antibody (Figure 2D).
Eluates from control beads did not reveal any antibody,
arguing against nonspecific binding of the patient's MGUS
antibody to heparin-Sepharose beads (supplemental Figure 4),
and a monoclonal antibody from a different patient with
multiple myeloma undergoing therapy (with an M-protein
level of 0.4 g/dL) was not affinity purified by these techniques
(supplemental Figure 5B). Consistent with these findings, y
heavy chain and x light chain, but not A light chain, showed
significant increase in PF4-dependent binding to normal
donor platelets (Figure 2E).

Treatment with rituximab was first pursued (375 mg/m? x 4
doses) and was not associated with a significant change in
platelet count, M-protein level (supplemental Figure 6A), or HIT
ELISA and SRA results (supplemental Figure 6B). The patient was
treated several months later with daratumumab (1800 mg) and
dexamethasone (8 mg) with a schedule of 4 weekly infusions
followed by 3 infusions at 2-week intervals. A subtle decrease in
HIT ELISA (Supplemental Figure 7A) and PF4-dependent
p-selectin expression assay titers (supplemental Figure 7B) was
noted, which rebounded. Two platelet counts obtained during
treatment were transiently above 150 x 10%/L (supplemental
Figure 7C). During treatment, M-protein levels decreased from
a pretreatment level of 1.05 g/dL to a nadir of 0.7 g/dL and
gradually rose to 0.8 g/dL in the posttreatment period
(supplemental Figure 7C). M-protein and platelet counts
obtained over the prior 5 years were compared (Figure 2F). The
likelihood of observing a normal platelet count (>150 x 10%/L)
decreased from 88% to 60%, 33%, and 17% at MGUS levels of
<0.4 g/dL, 0.4 to 0.5 g/dL, 0.6 g/dL, and >0.6 g/dL, respectively
(Figure 2F). Five months after the last daratumumab infusion,
anti-PF4/polyanion antibodies demonstrated a subtle increase in
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strength in both HIT ELISA (supplemental Figure 8A), and PF4-
dependent p-selectin expression assay (supplemental Figure 8B)
testing and was associated with a platelet count of 130 x 10%/L
and SRA result of 100%.

We describe a patient with recurrent thrombosis and throm-
bocytopenia due to a monoclonal anti-PF4/polyanion
“HIT-like” antibody, which to the best of our knowledge is
the first such conclusive case reported. In 1 prior report pub-
lished as a conference abstract, a 62-year-old man with a
monoclonal IgG « antibody and a history of chronic thrombo-
cytopenia presented with thrombosis after treatment with
unfractionated heparin.” In a second report, a “VITT-like” anti-
body that was HIT ELISA-positive and activated PF4-treated,
but not heparin-treated platelets (and thus, VITT-like), was
described in a patient with recurrent thrombosis and throm-
bocytopenia.'” The authors stated that “k-light chain IgG
monoclonal band (equal to paraprotein) strongly cross-reacted
with immobilized PF4/heparin complexes in an ELISA (optical
density >2.0)"; however, no data were shown, and this
“VITT-like” antibody was not characterized further.'®

Increased risk of arterial and venous thrombosis in MGUS has
been described even with low levels of MGUS proteins,’" "
and thrombosis associated with thrombocytopenia can be the
presenting symptom/sign of MGUS.' Here, we leveraged
recent technological advances in the use of mass spectrometry
for the study of multiple myeloma'®"'® and VITT'? and provide
strong evidence that the MGUS antibody and anti-PF4/
polyanion antibody in our patient are synonymous. Consistent
with the antibody having different characteristics relative to
VITT, the patient received an adenoviral vector-based COVID-
19 vaccine (Ad26.COV2.S) followed by 2 mRNA vaccine
boosters (BNT162b2) without any adverse effects. Additional
studies to confirm the pathogenesis of this antibody in a murine
HIT model®® are indicated. Although the patient has not had
breakthrough thrombosis for ~1.5 years since commencing dual
anticoagulant and antiplatelet therapy with apixaban and clo-
pidogrel, continued strong positivity in HIT ELISA and platelet
functional testing poses a high thrombotic risk. Review of the
patient's history of M-protein levels suggests a “threshold
effect” at around 0.4 g/dL, greater than which platelet counts
are more likely to decrease into the thrombocytopenic range
and thrombosis risk increases. Thus, one approach may be to
institute a disease management strategy using plasma cell-
directed therapies until a 0.4 g/dL M-protein level is attained.
Additional plasma cell-directed therapies such as bortezomib
are being considered. Lenalidomide, with its associated
thrombotic risk,”’ may be less appropriate in this setting. The
phenomenon described here could explain the pathogenesis of
thrombosis in some patients with an MGUS/myeloma diagnosis.
Thus, findings consistent with recurrent thrombosis associated
with thrombocytopenia in the setting of a monoclonal antibody
should prompt investigation for a monoclonal anti-PF4 anti-
body/MGTS.
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