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ABSTRACT

A 74-year-old male with a recent diagnosis of chronic myelomonocytic leukaemia (CMML) was admitted for
rapidly progressive renal failure (RPRF), associated with gait impairment due to muscle weakness and pain in the
lower limbs. After exclusion of pre-renal and post-renal causes of RPRF, the workup revealed monocytosis, high
levels of inflammatory markers, hypergammaglobulinaemia, nephrotic proteinuria and high serum and urinary
lysozyme levels. Renal biopsy confirmed the diagnosis of lysozyme-induced kidney injury and CMML-associated
vasculitis. An electromyogram also revealed sensorimotor axonal polyneuropathy. The patient was started on pred-
nisolone and azacitidine. Improvement of limb symptoms and a decrease in monocyte count, renal function values,
inflammatory markers and proteinuria were subsequently seen. Although lysozyme levels are consistently elevated
in CMML, lysozyme-induced kidney injury is a rare cause of renal failure. Filtered lysozyme appears to act as a direct
tubular toxin and lysozymuria has been proposed as a valuable tool for detection of tubular damage. Polyneuropathy
secondary to CMML s also infrequent and may be due to autoimmune mechanisms. We describe a case of lysozyme-
-induced kidney injury, vasculitis and axonal polyneuropathy, presumably secondary to CMML, in which prednisolone
and azacitidine seem to have been helpful in treating extramedullary leukaemic involvement.
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INTRODUCTION

Chronic myelomonocytic leukaemia (CMML) is a
hybrid disorder characterized by both myelodisplastic
and myeloproliferative features. It mostly affects the
elderly and about 75% of cases are diagnosed after 60
years of age3. Its diagnosis is based on the presence
of peripheral monocytosis (> 1x10%/L), absence of Phila-
delphia chromosome or BCR-ABL fusion gene, absence
of rearrangement of PDGFRA or PDGFRB, less than 20%
blasts in the blood or bone marrow and dysplasia involv-
ing at least one myeloid lineage.
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CMML usually presents insidiously with systemic
symptoms such as fatigue, weight loss and fever, but
extramedullary leukaemic involvement is rare. Skin,
lymph nodes, spleen, prostate, pleura and pericardium
are among the most commonly affected organs, while
renal involvement has rarely been reported.

Parenchymal infiltration of leukaemia cells, throm-
botic microangiopathy, tumour lysis, chemotherapy
toxicity and radiation injury are among the most com-
mon mechanisms that are responsible for leukaemia-
-associated renal failure2. Specifically, CMML can also
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induce kidney injury by amyloid deposition, production
of tumour necrosis factor-a, increased production and
excretion of lysozyme and direct infiltration of mono-
cytes. An association with vasculitis has also been
described?. Paraneoplastic autoimmune phenomena
are often encountered in these patients and should be
distinguished from tissue infiltration by CMML, since
a different therapeutic approach is warranted.

CASE REPORT

A 74-year-old male with CMML and no other known
chronic disease was admitted to hospital because of
rapidly progressive renal failure (RPRF). The patient had
been well until approximately three months before
admission, when he noticed ankle arthralgia with non-
-pitting oedema but no other signs of arthritis. The
symptoms persisted, along with loss of muscular
strength in the lower limbs, asthenia, anorexia and
generalized myalgia. About two months before admis-
sion, anaemia (haemoglobin 7.3 g/dL) was documented

Table |

and, after a negative endoscopic screening, the patient
was referred to an outpatient haematology clinic, where
a blood smear was performed revealing granulocytic
dysplasia and a monocytoid population (about 30%)
with rare immature cells. A diagnosis of CMML type 2
was established and confirmed by bone marrow aspira-
tion (21.9% monocytes, about 36% with markers of
immaturity). Bone biopsy showed hypercellular mar-
row, high myeloid:erythroid ratio, left shift of myeloid
maturation and numerous monocytoid cells, plasma
cellsand dysmorphic megakaryocytes, with anincreased
reticulin framework and abundant iron deposits; immu-
nohistochemistry showed the presence of myeloper-
oxidase, lysozyme, CD34 and light chains, both k and
y. The patient was started on supportive therapy with
weekly blood transfusions. After the first transfusion,
the patient mentioned an episode of haematuria, along
with dyspnoea and productive cough with purulent
sputum. One week before admission, he was started
on cefixime, followed by resolution of respiratory symp-
toms, even though haematuria episodes recurred twice
during the month before hospital admission and

Laboratory data at admission to the hospital ward (serum values except when noted otherwise)

Variable Reference range Value Variable Reference range Value
Haemoglobin (g/dL) 13-18 8.4 Aspartate aminotransferase (U/L) 10-37 26
Leukocytes (x10%/L) 4-11 7.98 Alanine aminotransferase (U/L) 10-37 13
Neutrophil granulocytes (%) 53.8-69.8 43.7 y-glutamyl transferase (U/L) 10-49 38
Monocytes (%) 4.7-8.7 35.2 Alkaline phosphatase (U/L) 30-120 97
Lymphocytes (%) 22.6-36.6 19.1 Total bilirubin (mg/dL) <12 0.55
Platelets 150 — 400 202 Lactate dehydrogenase (U/L) 135-225 248
Glucose (mg/dL) 75-100 101 Total serum protein (g/L) 64 —83 73.8
Glycated haemoglobin (%) 4-6 6.3 Albumin (%) 49.7-64.4 329
Urea (mg/dL) 10-50 184 al-globulin (%) 4.8-10.1 7.2
Creatinine (mg/dL) 0.67-1.17 4.95 a2-globulin (%) 8.5-15.1 13.3
Phosphorus (mg/dL) 2.7-45 6.0 B-globulin (%) 7.8-13.1 16.2
Magnesium (mEq/L) 1.55-2.05 1.46 y-globulin (%) 10.5-19.5 30.4
lonised calcium (mEq/L) 2.26-2.64 2.28 Immunoglobulin G (mg/dL) 600 — 1560 2310
Sodium (mEg/L) 135-147 132 Immunoglobulin A (mg/dL) 90 -410 825
Potassium (mEq/L) 35-5.1 4.5 Immunoglobulin M (mg/dL) 30-360 195
Chloride (mEg/L) 101 - 109 99 K light chains (mg/dL) 200 - 440 734
Iron (ug/dL) 53-167 26 A light chains (mg/dL) 110 - 240 384
Transferrin (mg/dL) 200 - 360 162 Streptolysin O antibody (U/mL) <200 288
Ferritin (ng/mL) 20-250 1461 Lysozyme (mg/L) 4-13 105
Folic acid (ng/mL) 22-175 3.3 Partial thromboplastin time (s) 24.2-36.4 37.1
B12 vitamin (pg/mL) 187 - 883 546 Prothrombin time (s) 9.8-14.1 14.2
Thyroxine (ng/dL) 0.7-1.48 0.94 Fibrinogen (mg/dL) 200 — 400 616
Thyroid stimulating hormone (uUl/mL) 0.35-4.94 1-36 Urinary sodium (mEq/24h) 40-220 134
Brain natriuretic peptide (pg/mL) <100 192.9 Urinary potassium (mEq/24h) 25-125 62
C-reactive protein (mg/L) <3.0 155.8 Urinary lysozyme (mg/L) < 3.6 mg/day 66
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constitutional symptoms worsened. Blood chemistry
performed in the outpatient clinic revealed worsening
of renal function (creatinine at admission 4.9 mg/dL
from a baseline value of 1.2 mg/dL) with no hyper-
kalaemia or acidosis, along with anaemia (haemoglobin
7.9 mg/dL), monocytosis (2.13x10°/L) and elevation of
acute-phase reactants (C-reactive protein 116.7 mg/L),
so the patient was admitted to the internal medicine
department.

At admission, his gait was severely impaired and he
was restricted to a wheelchair; no oedema, high blood
pressure or signs of arthritis were present. Pre-renal
and post-renal causes of RPRF were first excluded.
Ultrasonography revealed normal kidney dimensions
and high diffuse cortical hyperechogenecity, and exclud-
ed urinary tract dilatation; the urinary bladder showed
no alterations. The patient was then started on intra-
venous fluid therapy. The laboratory workup at admis-
sion is shown in Table |. Noteworthy are not only the
presence of hypergammaglobulinaemia with normal
k/y ratio and no monoclonal component at immuno-
fixation, but also high levels of inflammatory markers
despite negative serial blood cultures. Furthermore,
the autoimmunity profile (including complement levels
and antinuclear, anti-neutrophil cytoplasmic and anti-
-glomerular basement membrane antibodies) was

Figure 1

negative, while schizocytes were not detected in periph-
eral blood and no significant eosinophiluria was pre-
sent; viral serological tests (HIV, HBV and HCV) were
also negative despite cryoglobulin positivity at very low
titres. On the other hand, serum and urinary lysozyme
levels showed marked elevations. The transthoracic
echocardiogram showed normal biventricular systolic
function and no significant valvular disease or vegeta-
tions. Urinary measurements revealed proteinuria in
the nephrotic range (3.7g/24 h) with significant eryth-
rocyturia (2988.6/uL).

A slow improvement in renal function was observed
during the first weeks (Fig. 1). A renal biopsy was per-
formed, revealing 23 glomeruli on optical microscopy:
one with sclerosis, another with fibrinoid necrosis,
three with cellular crescents, and another with mesan-
gial proliferation and focal sclerosis. Immunohistochem-
istry analysis identified cells highly reactive for lysozyme
in the capillary loops and peritubular capillaries, and
variable reactivity in the luminal and tubular epithelial
cells. Signs of tubular necrosis, haematuria and tubular
atrophy were present, while fibrosis was observed in
the interstitial space (about 25%), along with lymphop-
lasmocytic infiltrates but no evidence of leukaemic
infiltration or amyloid deposition. A diagnosis of
lysozyme-induced kidney injury was established and

Monocyte count and serum creatinine values during hospital stay (the horizontal axis shows days of inpatient
care; about three months before admission, serum creatinine level was 1.2 mg/dL)
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electronic microscopy confirmed lysozyme deposits in
the kidney (Fig. 2). Electromyography was also per-
formed, revealing sensorimotor axonal polyneuropathy;
common causes of sensorimotor polyneuropathy, such
as diabetes, alcoholism, vitamin B12 deficiency and
autoimmune neuropathies were excluded (anti-
-neuronal antibodies including anti-Hu, anti-Ri, anti-Yo,
anti-amphiphysin and ganglioside antibodies were
negative). The patient was started on prednisolone (20
mg/day) and azacitidine (75 mg/m? subcutaneous).
Changes in serum creatinine values and monocyte
counts during hospital stay are illustrated in Fig. 1; it
should also be noted that after the first cycle of azac-
itidine, there were also decreases in proteinuria (0.88
g/24h) and C-reactive protein (310.5 to 70.3 mg/L),

Figure 2

along with improvement in limb symptoms, so that the
patient was able to walk with assistance.

Two months after discharge, and when the predni-
solone dose was gradually being tapered due to iatro-
genic hyperglicaemia, the patient was readmitted to
the hospital ward due to fever of unknown origin (FUO).
Azacitidine was stopped until diagnostic clarification,
based on the clinical assumption that there was a high
likelihood of uncontrolled infection and/or a high risk
of CMML progression. The workup (including re-test for
anti-neutrophil cytoplasmic antibodies and cryoglobu-
lins, microbiological screening including bacterial, myco-
bacterial and fungal cultures of peripheral blood and
bronchoalveolar lavage, along with cytological

Light microscopy revealing the overall appearance of the biopsy fragment with no evidence of neoplastic infiltration (top left) and glomeruli
with cellular crescents and fibrinoid necrosis (top right]). Accumulation of lysozyme is revealed by immunohistochemistry analysis (bottom left)

and electron microscopy (bottom right).
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Figure 3
Thoracic computed tomography showing multiple pulmonary
micronodes in a miliary pattern.

examination of bronchoalveolar lavage) was negative,
except for a miliary pattern on thoracic computed
tomography (CT) with multiple micronodular pulmonary
lesions (Fig. 4). Despite therapy with broad-spectrum
antibiotics, antifungals and tuberculostatic agents, fever
persisted and inflammatory markers remained high until
high-dose prednisolone (1 mg/kg/day) was restarted,
when haemoglobin levels also increased and renal func-
tion values decreased. Thoracic CT was repeated one
month later, and showed a significant reduction in the
size of the pulmonary nodules (Fig. 3).

DISCUSSION

We describe a case of CMML in which renal impair-
ment appears to be secondary to both vasculitic dam-
age to the glomeruli and lysozyme-induced tubular
impairment.

In contrast to other types of leukaemia, combined
glomerular-tubular dysfunction appears to be charac-
teristic of CMML2, Increased urinary and serum
lysozyme may result in tubular dysfunction, but only
rarely in glomerulopathy®. Lysozyme (or muramidase)
is a bacteriolytic enzyme that catalyses the hydrolysis
of the peptidoglycan layer of bacterial cell walls, and
is found mainly in granulocytes, monocytes,
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macrophages and bone marrow precursors’. It was first
discovered by Fleming in 1922, but it was only in 1966
that Osserman and Lawlor documented that CMML
patients excreted large amounts of lysozyme in urine,
making nephrotic-range proteinuria relatively common
in this setting®. In chronic myeloproliferative disorders,
lysozyme levels are consistently high, while such eleva-
tions are usually restricted to monocytic forms in acute
myeloid leukaemia’. Filtered lysozyme appears to be
adirect tubular toxin, probably exacerbating ischaemic
tubular damage?2. Renal involvement in our patient was
consistent with lysozyme-induced kidney injury; how-
ever, in our case, not only was tubular damage present
with lysozyme reactivity in tubular epithelial cells, but
high reactivity was also observed in capillary loops and
peritubular capillaries.

Measurement of urinary enzymes, such as lysozyme
(lysozymuria), has been proposed as a valuable tool
for detection of tubular damage, especially in the proxi-
mal tubules, and a good correlation between the degree
of proteinuria and urinary lysozyme has been observed
before treatment. Our patient presented high levels of
both serum and urinary lysozyme. However, the value
of lysozymuria in the clinical diagnosis of acute disor-
ders of renal function is limited: increased serum
lysozyme levels and the presence of lysozymuria may
be indicators of severe kidney failure but are not sensi-
tive markers in mild to moderate renal injury. Moreover,
serum and urinary lysozyme may also be elevated in
other diseases such as sarcoidosis, in which the former
may be a more sensitive marker of disease activity than
angiotensin-converting enzyme?. Particularly in CMML
patients, no correlation has been described between
serum lysozyme levels and urinary levels of the enzyme
or its renal clearancel3. In haematological conditions
like CMML, high plasma lysozyme levels are due to
increased rates of synthesis, while in uraemic patients,
serum lysozyme is elevated due to decreased rates of
catabolism, since extra-renal sites are capable of break-
ing down lysozyme only at a rate of about 15% com-
pared to patients with intact renal function. Our patient
presented both CMML and RPRF, and the presence of
the latter may have been the main contributor to the
high levels of serum lysozyme observed, as the mono-
cyte count was lower than would be expected for
CMML. Despite marked variability, correlations have
been described between lysozyme levels and the num-
ber of circulating granulocytes and monocytes, while
renal failure is expected to contribute to a significant
increase in serum lysozyme levels13. In our case, a cor-
relation between serum creatinine and monocyte count
was not apparent as, during hospital stay, the observed
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decrease in serum creatinine appears to have been
associated with the administration of fluid therapy,
while the decrease in monocyte count was apparently
related to the initiation of azacitidine and/or predni-
solone (Fig. 3).

Glomerular involvement with crescentic glomerulo-
nephritis has been described in myelodysplastic syn-
dromes and CMML, possibly reflecting immune dys-
function. In our patient, glomerular vasculitic
involvement was suspected on renal biopsy due to the
presence of cellular crescents and fibrinoid necrosis.
However, glomerulopathy was not the only apparent
manifestation of autoimmunity in our patient, since
the peripheral nervous system and lungs might have
been involved.

The first case of CMML with polyneuropathy was
described in 1989 by Maeda et al., associated with
IgA-paraprotein and k light chain on immunoelectro-
phoresis and high serum and urine lysozyme levels.
As in our case, symptoms improved with prednisolone,
so autoimmunity may have a role in its pathogenesis,
even though we also used azacitidine as a treatment
optionl?. Chronic inflammatory demyelinating poly-
neuropathy and systemic antineutrophil cytoplasmic
antibody-negative medium-sized vessel vasculitis (pol-
yarteritis nodosa-type) have also been associated with
CMML and a possible autoimmune pathogenesis. In a
case series of systemic ANCA-negative polyarteritis
nodosa-type vasculitis associated with CMML, most
patients fulfilled the criteria for polymyalgia rheu-
matica and presentation was often with FUO1°. Our
patient met some of the 2012 European League Against
Rheumatism/American College of Rheumatology cri-
teria for polymyalgia rheumatica, including age > 50
years, bilateral shoulder pain, abnormal CRP and/or
ESR, morning stiffness and absence of rheumatoid fac-
tor or anti-citrullinated protein antibody. On the other
hand, in another case series, azacitidine seems to have
been useful in autoimmune diseases associated with
myelodysplastic syndromes, including vasculitis and
neuropathyZ0.

Nodular pulmonary lesions in patients with haema-
tological malignancies can be caused by infectious or,
less often, non-infectious entities, including primary
lung cancer, lymphoma, post-transplantation lym-
phoproliferative disease, thromboembolism and leu-
kaemic infiltrates2!. Tuberculosis would be the most
likely diagnosis when faced with a miliary pattern in
an immunosuppressed patient like this one, but the
absence of mycobacterial isolations and the persistence

of fever despite antimycobacterial medication weaken
the possibility of such a diagnosis. On the other hand,
the resolution of the clinical picture after high-dose
steroids strengthens the possibility that in this patient
vasculitis was not limited to the glomeruli. In a case
series of systemic medium-sized vessel vasculitis associ-
ated with CMML, diffuse bilateral interstitial pneumo-
nitis has been described in a case presenting with FUO
in which transpulmonary biopsy showed a perivascular
infiltrate1®.

The treatment for CMML patients is largely support-
ive but drugs like azacitidine and decitabine may have
clinical activity, although their effect on kidney function
is unknown?. Practice guidelines recommend that in
patients with myelodysplastic-type CMML with > 10%
blasts in bone marrow, azacitidine should be added to
supportive therapy?2. In our case, azacitidine and pred-
nisolone appear to have had a positive effect not only
on monocyte count and inflammatory markers, but also
on renal function, proteinuria and neurological symp-
toms. As kidney injury seems to have been mediated
by both elevated lysozyme and vasculitis, we cannot
assess the relative impact of each of these conditions
on the patient’s lysozyme-induced kidney injury.

Finally, even though data are lacking on long-term
outcomes of lysozyme-induced kidney injury, the
prognosis of CMML is often worse than that for myelo-
dysplastic syndromes in older adults and rates of
transformation into acute myeloid leukaemia are
variable (incidence of 15-52%). Factors that have been
linked to worse outcomes in other studies, and that
were present in our patient, include male sex, hae-
moglobin less than 10 g/dL and elevated lactate dehy-
drogenasel. On the other hand, the presence of
systemic vasculitis and/or cryoglobulins has been
associated with a poorer prognosis in myelodysplastic
syndromes?24,

In conclusion, lysozyme-induced kidney injury and
CMML-associated vasculitis are relatively rare conditions
and other causes of renal failure must be considered
first. This case highlights the fact that lysozyme-induced
kidney injury may be independent of monocyte counts
in peripheral blood and bone marrow. To our knowledge,
there are only seven case reports of CMML causing renal
failure; direct involvement is rare, only two of these
considered renal failure to be due to lysozyme-induced
kidney injury and none to both lysozyme-induced kidney
injury and vasculitis.

Disclosure of Potential Conflicts of Interest: None declared
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