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Abstract

Tocilizumab (TCZ) is a humanized immunoglobulin (Ig) G| monoclonal antibody directed against
the interleukin (IL)-6 receptor. We report on two patients with persistent high-grade fever and
systemic lupus erythematosus (SLE) who were treated with TCZ. Two female Chinese patients
presented with SLE and high-grade fever, with raised inflammatory markers including C-reactive
protein, erythrocyte sedimentation rate, and IL-6, but no signs of opportunistic infections. Their
fever and other symptoms responded poorly to broad-spectrum antibiotics, antifungals, antivirals,
and glucocorticoids. They were both treated with TCZ. Their body temperatures returned to
normal after treatment with TCZ, and other symptoms, including arthralgia, gradually improved.
Both patients were followed-up and their conditions remained steady to date. TCZ may thus be
an alternative treatment for patients with SLE and persistent high-grade fever who fail to respond
to initial antibiotics and high-dose glucocorticoids.
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Introduction

Systemic lupus erythematosus (SLE) is a
multi-systemic inflammatory autoimmune
disorder, which is more common in
women. Fever due to ongoing infection or
to disease activity itself is often the primary
reason for hospitalization in patients with
SLE. Inflammatory cytokines play an
active role in SLE patients with fever.
Rheumatologists need to identify the etiology
of the fever and treat it accordingly. Recent
studies have suggested that the occurrence of
fever in SLE patients has declined from 86%
in 1950" to 42% in 2009, possibly as a result
of the increased use of non-steroidal
anti-inflammatory drugs, broad-spectrum
antibiotics, and glucocorticoids. However,
although moderate doses of glucocorticoids
can resolve fever, steroid metabolism may
be increased when they are stopped. In addi-
tion, the frequent and prolonged use of
immunosuppressants, on the one hand,
increases the risks of opportunistic bacterial,
viral, and fungal infections.'" On the other
hand infections, may aggravate and mimic
the disease activity of SLE.

Herein, we present two female SLE
patients who presented with high-grade
fever that responded poorly to antibiotics,
antivirals, and antifungals, and to glucocor-
ticoid therapy, in the absence of altered ste-
roid metabolism. There were no signs of
infection apart from elevated levels of
inflammatory markers. We therefore select-
ed the anti-IL-6 receptor monoclonal anti-
body tocilizumab (TCZ) as a therapeutic
option, resulting in good responses in both
patients, including resolution of fever and
patient discharge.

Case reports

Case |

A 46-year-old Chinese woman with SLE
was admitted to the rheumatology ward of

The Second Affiliated Hospital of Kunming
Medical University on 7 August 2020 with
complaints of a fever of 39.3°C, chills,
and a 2-day history of a sore throat. Her
past medical history indicated multiple
hospitalizations.

She was initially admitted to another
hospital in 2004 for fever, malar rash, and
arthralgia. She was positive for anti-nuclear
antibody (ANA; titer 1:3200, speckled pat-
tern) and anti-double stranded DNA (anti-
dsDNA) antibody, negative for anti-La,
anti-Smith (Sm), and anti-Ul ribonucleo-
protein (RNP) antibodies, and urinalysis
showed mild proteinuria. SLE was consid-
ered because she fulfilled both the 1997
American College of Rheumatology (ACR)
classification criteria for SLE** and the 2012
Systemic Lupus International Collaborating
Clinics (SLICC).> She met four (cutaneous,
joints, and autoimmune profiles) of the
111997 ACR classification criteria for
SLE, and four (cutaneous, joints, and auto-
immune profiles) of 17 of the 2012 SLICC
criteria. She was discharged on maintenance
doses of oral prednisone 7.5mg/day and
hydroxychloroquine (HCQ) 400 mg/day.

She was admitted to our hospital ward
on 10 February 2020 with high fever, chills,
and a sore throat for 3 weeks. Laboratory
tests showed high-sensitivity C-reactive
protein (hs-CRP) 149.61 mg/L  (normal
range <10.00mg/L), IL-6 122pg/mL
(normal range 0.00-7.00 pg/mL), pro-
calcitonin (PCT) 0.331ng/mL (normal
range <0.05ng/mL) and CRP 228.00 mg/L
(normal range <10.00mg/L). She had mild
proteinuria. Her autoimmune profile was
positive for ANA (titer 1:320, speckled pat-
tern) and anti-Ro52/SSA, and negative for
anti-dsDNA, anti-La, anti-Sm, and anti-U1
RNP antibodies. Her lupus anticoagulant
was 1.76 U/mL (normal range 0.8-1.2U/
mL). High-resolution chest computed
tomography (HRCT) showed mild bronchi-
ectasis in the middle and lower right lung
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lobe, with bilateral pleural thickening and
adhesion.

Intravenous imipenem and cilastatin 3 g/
day were administered for 5 days, but her
fever continued and they were replaced with

fluconazole 0.4g/day. Meanwhile, her
blood, urine, stool, throat swab, and
sputum culture reports were negative,

ruling out infection. Intravenous methyl-
prednisolone 40 mg/day was therefore com-
menced to manage ongoing lupus flares.
Her symptoms subsequently improved
and her inflammatory markers, including
hs-CRP, IL-6, and PCT, decreased.
Quantitative 24-hour urinary protein anal-
ysis showed increased urinary protein of
0.23 g (normal range 0.00-0.15g) and she
was prescribed intravenous cyclophospha-
mide 0.6 g/day to prevent further transient
renal damage due to lupus nephritis. The
patient refused a renal biopsy and no fur-
ther classification could be determined.
Oral itraconazole 200 mg/day was given as
prophylaxis against opportunistic fungal
infections. Her fever and other constitution-
al symptoms improved and she was dis-
charged with oral prednisone 45mg/day,
gradually tapered to 17.5mg/day, and
HCQ 300 mg/day.

Following her re-admission on 7 August
2020, physical examination revealed non-
scarring alopecia. Her blood and sputum
culture reports were negative. Chest
HRCT showed increased bronchiolar and
vascular markings, multiple nodules with
linear opacities, atelectasis of the left
upper lobe, and thickening of the bilateral
pleura (Figure 1). Intravenous piperacillin
and tazobactam 4.5 g twice a day was com-
menced to treat and prevent chest infec-
tions. Repeat chest HRCT after 2 days
showed improving minimal pleural effusion
on both sides of the pleura (Figure 2). She
also had effusion and tenderness over both
wrist joints and her right knee joint. She
scored 7 points (arthritis 4 points, alopecia
2 points, temperature >38°C 1 point)

Figure |. High-resolution computed tomography
scan showing multiple nodular linear opacities with
atelectasis and bilateral pleural thickening.

Figure 2. High-resolution computed tomography
scan after 2 days of treatment showing minimal
effusion in the pleural cavities.

according to the SLE disease activity
index 2000 (SLEDAI-2K).® Intravenous
methylprednisolone 40 mg/day was therefore
added to control disease activity and her
antibiotic treatment was upgraded with cefo-
perazone and sulbactam 3.0 g twice a day to
treat any on-going bacteremia.
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Despite the treatment, the patient’s fever
and joint pain continued, and she showed
raised uric acid levels of 412umol/L
(normal range 115-357 umol/L). Oral col-
chicine 0.5mg/day was administered for
acute gout and intravenous fluconazole
0.4 g/day was added for antifungal cover-
age. Meanwhile, we observed high copy
numbers of Epstein—Barr virus (EBV) by
quantitative DNA/RNA analysis, and
high-output genetic tests conducted by the
BGI (Shenzen, China) showed high PCT
levels. Blood, sputum, throat swab, urine,
and stool cultures were all negative. Her
fever ranged from 37.8 to 38.9°C, and intra-
venous ganciclovir 0.3 g twice a day, immu-
noglobulin 20 g/day, and cefoperazone
sulbactam 1.5g three times a day were
administered for 4 days, and then replaced
with imipenem and cilastatin | g three times
a day. Fluconazole was stopped and oral
ursodeoxycholic acid 600 mg/day was pre-
scribed for liver enzyme impairment.

The results of (1-3)-f-D-glucan assay
and galactomannan tests for invasive
fungal infections and IFN-y release assay
(T-SPOT) for tuberculosis were negative.
Her methylprednisolone dose was doubled
to 40 mg twice a day. Her detailed labora-
tory test results are shown in Table 1.
However, 2 days later her fever had
increased to 39.3°C, together with a severe
sore throat and arthralgia. Intravenous
vancomycin 1g/day was continued and
methylprednisolone was replaced with
dexamethasone 5Smg/day. Her fever contin-
ued despite the treatment changes. She had
previously received acyclovir and immuno-
globulin for 10 days because of the high
EBV copy number. Her body temperature
remained constant at around 37.2°C for 4
days then re-spiked to 38.0°C, and her other
symptoms remained unchanged, even after
commencement of several broad-spectrum
antibiotics,  high-dose  glucocorticoids,
immunosuppressants, and anti-fungal and
antiviral medications.

The patient’s IL-6 levels had been
elevated since her initial presentation, and
re-examination showed IL-6 20.30pg/mL
(normal range 0.00-7.00 pg/mL). Intravenous
TCZ 480mg was therefore administered
after appropriate counselling and written
consent from the patient. Her body temper-
ature subsequently decreased gradually to
normal (36.8°C) and her arthralgia and
sore throat improved. Details of her thera-
pies and body temperature are shown in
Figure 3. She was discharged after 2 days
with maintenance oral prednisone 40 mg/
day and HCQ 300mg/day. At a recent
follow-up visit, her inflammatory markers
had gradually returned to normal and she
remained clinically stable to date.

Case 2

A 16-year-old Chinese girl was admitted to
the rheumatology ward of The Second
Affiliated Hospital of Kunming Medical
University on 23 October 2017, with a 6-
day history of recurrent high-grade fever.
Her past medical history included autoim-
mune hepatitis that was successfully treated
in 2015. She had also been admitted to
another hospital on 6 March 2017 with a
fever of 39°C, malar rash, oral ulcers, and
arthralgia in all four joints, along with a
productive cough and nausea. Her autoim-
mune profile was positive for ANA (1:3200
titer) and anti-Ro52/SSA, and negative for
anti-dsDNA, anti-La/SSB, anti-Sm, anti-
Ul RNP, ANCA, and ACA. SLE was con-
firmed on the basis of the 1997 ACR clas-
sification criteria for SLE** and 2012
SLICC.> She met four (cutaneous, joint
manifestations, and autoimmune profile)
of 11 1997 ACR criteria for SLE, and
four (cutaneous, joint manifestations, and
autoimmune profile) of 17 2012 SLICC cri-
teria. Her condition was controlled by oral
prednisone 60 mg/day and mycophenolate
mofetil 2.0 g/day. She had sudden onset of
restricted movement of her right limb and
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Figure 3. Time course of therapies administered with

tocilizumab; MP, methylprednisolone.

facial numbness on 22 March 2017. Brain
CT suggested sub-acute cerebral infarction;
however, the physicians suspected lupus
encephalopathy. During hospitalization,
she received intravenous methylprednisolone
80 mg/day, dexamethasone 10 mg, and meth-
otrexate 10mg. She was later discharged
with maintenance doses of oral prednisone
22.5mg/day and HCQ 200 mg/day.

On admission to our hospital’s rheuma-
tology ward on 23 October 2017, she had a
fever of 39.4°C, facial puffiness with erythe-
ma, and bilateral ankle and proximal inter-
phalangeal joint pain. Her blood, sputum,
throat swab, urine, and stool cultures were
negative. Her laboratory values are given in
Table 2. Familial Mediterranean fever was
provisionally suspected and she was pre-
scribed colchicine 1.0mg/day. However,
her fever spiked to 42°C with chills and
arthralgia, which continued to worsen.
The colchicine was therefore replaced with
cefoperazone and sulbactam 6.0 g/day and
an antipyretic was commenced. Meanwhile,
her fever continued to spike from 38.5 to
40.0°C and her IL-6 levels were elevated.
The patient was counselled regarding possi-
ble TCZ treatment as the best option at the

respect to body temperature (°C) in Case |. TCZ,

time, and she received her first dose of
intravenous TCZ 480mg on 30 October
2017. Her fever and joint pain improved
and she was discharged on oral prednisone
22.5mg/day, HCQ 200 mg/day, and metho-
trexate 10mg once a week. She received
seven injections of TCZ since her last hos-
pitalization. During one such occasion (20
August 2018), she was re-admitted with
fever and pneumonitis; however, her condi-
tion improved after commencement of imi-
penem and she remained stable at recent
follow-up visits.

Discussion

Fever is common in patients with SLE and
must be diagnosed promptly and accurately
to prevent further organ damage and fatal-
ity. However, despite ongoing research into
the mechanism of fever in SLE, there is cur-
rently no consensus and no guidelines have
been made available. Fever in patients with
active SLE is generally associated with a
low white cell count, normal levels of com-
plement (C3 and C4), moderately high
levels of CRP, and anti-dsDNA positivity.
The lack of particularly high CRP levels is
due to the development of anti-CRP
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Table 2. Continued.

August 2020

July 2020

July 2018

June 2018

May 2018

April 2018

March 2018

Index (reference range)

ol* 10 25 27 29 0l 04

29

28

27

10%

05*

Date

/

5.01 x 10° /

/

Quantitative determina-

tion of EBY DNA
(<5.00 x 10%copies/

mL)

/, not examined; -, negative result; *, time of injection of tocilizumab.

WBC, white blood cells; Neut, neutrophils; Mono, monocytes; C, complement; hs, high sensitivity; CRP, C-reactive protein; IL-6, interleukin 6; PCT, procalcitonin; ESR,

erythrocyte sedimentation rate; EBV, Epstein—Barr virus; ANA, antinuclear antibody; ds-DNA, double-stranded DNA; Alb, albumin; GGT, gamma glutamytransferase; ALP,

alkaline phosphatase; LDH, lactate dehydrogenase; NT-pro-BNP, N-terminal pro-B natriuretic peptide; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct

bilirubin; IBIL, indirect bilirubin; ANCA, anti-neutrophil cytoplasmic antibody; Ig, immunoglobulin; RF, rheumatoid factor; RNP, ribonucleoprotein; Sm, Smith; Glo, globulin; UA,
urea; Crea, creatinine; Ferr, ferritin; HBDH, hydroxybutyrate dehydrogenase; CK, creatine kinase; Urine-pro, urinary protein, SSA: anti-Sjogren syndrome-related antigen A

autoantibody; SSB: anti-Sjogren syndrome-related antigen A autoantibody; anti-RIB, anti-ribosomal antibody; anti-M2, anti-mitochondrial M2 antibody; anti-CB, anti-calbindin

antibody.

antibody, except in cases with serositis.'*’
A recent study found that, except in Asian
populations,'® PCT could not be used as an
infection-related marker in SLE patients
with fever.

SLE patients with fever are usually sen-
sitive to glucocorticoids and most respond
well to even a moderate dose. Occasionally,
however, the dose may need to be doubled
in patients taking simultancous anti-
epileptic drugs such as phenobarbital and
carbamazepine, or anti-bacterial drugs
such as rifampicin. These cases require
higher doses of glucocorticoids because of
accelerated  glucocorticoid  metabolism
during simultaneous treatment with these
agents.

A previous study suggested that contin-
ued fever despite treatment with oral pred-
nisone 20 to 40mg/day was highly
indicative of infection, rather than SLE dis-
ease activity.' It is therefore essential to rule
out infection and commence timely empiri-
cal antibiotic therapy in such clinical cir-
cumstances. In  addition, high-dose
glucocorticoids or immunosuppressants
can sometimes be fatal when considering
active lupus flares.! In both the current
cases, leukocytosis and peripheral blood
smears initially suggested infections, and
several antibiotics and antifungals, and in
one case an antiviral, was administered
simultaneously with glucocorticoids, but
with poor responses in both patients. In
addition, their blood, urine, sputum, and
stool cultures were negative. Notably how-
ever, examination of their inflammatory
cytokine markers during the latter course
of treatment showed high IL-6 levels in
the blood, and TCZ accordingly had good
effects in both patients.

IL-6 is a pleiotropic cytokine produced
by immunocytes, hepatocytes, myocytes,
and adipose tissues. It has two receptors,
IL-6 receptor o (IL-Ra) subunit and
membrane-anchored  glycoprotein  (gp)
130. TL-6 executes its biological functions
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via a hexameric complex composed of IL-6,
IL-6Ra, and gp 130, which activates gp 130
and triggers the activation of downstream
signaling pathways, such as the Janus-
activated kinase-signal transducer and acti-
vator of transcription 3 and mitogen-
activated protein kinase pathways.'"'? IL-
6 levels are very low under physiological
conditions, but play an important role in
maintaining homeostasis. However, IL-6
synthesis is promptly induced under inflam-
matory conditions resulting from infections
or injuries.' "' This significant increment in
IL-6 level is implicated as a pathogenic
mechanism of autoimmune disease. It is
the strongest CRP inducer, and in synergy
with transforming growth factor (TGF)-p,
1L-6 also preferentially induces the differen-
tiation of naive CD4+ T cells into T-helper
(Th) 17 cells, simultaneously inhibiting the
growth of regulatory T-cells induced by
TGF-B.'* Th17 cells can further release
cytokines including tumor necrosis factor
(TNF) and IL-6, as well as IL-23 and IL-
17, which are involved in inflammation in
SLE patients.'”> As an endogenous pyrogen,
TNF can cause fever through direct stimu-
lation of the hypothalamus thermoregulato-
ry center, and further stimulates other cells
to produce IL-6, resulting in amplification
of inflammatory signals.'?

Meanwhile, IL-6 can stimulate the secre-
tion of the neuropeptide, substance P,
which is involved in lipopolysaccharide-
dependent or prostaglandin-dependent
fever, and induces the synthesis of prosta-
glandin E2 to influence the thermoregulato-
ry center located in the hypothalamus.'®!’
A study in animals found that IL-6 also
induced fever through IL-6Ra located in
the brain. IL-6 is thus an important media-
tor of fever induction.'®

SLE is considered as a disease with an
“IFN signature”. IFN-a levels are higher
in SLE patients than in healthy people,
and increased serum IFN-y levels in
patients during the development of SLE

were reported to correlate with the develop-
ment of lupus-specific autoantibody."”
Synergy of the breakpoint cluster region,
Toll-like receptor, and CD40 signals with
IFN-y can promote B cells to produce IL-
6. A lack of B cell-derived IL-6 protected
against lupus nephritis in a mouse study.”®
In addition, serum IL-6 levels were elevated
concurrently with or prior to autoantibody
positivity in SLE, suggesting a key role for
IL-6 signals in initiating breaks in B and/or
T cell tolerance.'® Furthermore, high levels
of serum IL-6 impaired the autophagic deg-
radation of macrophages via augmentation
of high-level expression of IL-6Rs,>' and
high levels of IL-6 were observed in the
pericardial fluid in SLE patients.”> The
above mechanisms have led to the wide
use of the IL-6R antagonist, TCZ, to treat
fever of unknown origin in various inflam-
matory diseases, such as Still’s disease and
juvenile idiopathic arthritis, but seldom in
SLE patients to date.” %> In a recent case
report, a 41-year-old woman with refracto-
ry SLE who suffered from intractable high
fever, massive pericarditis, macrophage
activation syndrome, and glomerulonephri-
tis showed dramatic improvement after
TCZ therapy.? Likewise, a pilot study in
16 SLE patients and a trial in 15 SLE
patients treated with TCZ showed better
curative outcomes and significantly reduced
levels of IgG and anti-dsDNA.?**” We had
already treated the current patients aggres-
sively with several antibiotics and other
immunosuppressants on multiple occasions,
with no response, and TCZ was the remain-
ing best option. We accordingly chose to
administer TCZ due to its targeted mecha-
nism, less immunosuppression, and fewer
side effects compared with other available
biologics at that time.

In conclusion, further studies are needed
to clarify the role of IL-6 in the pathogen-
esis of SLE and the therapeutic role of TCZ
in SLE patients with high fever. These
results will further our understanding of
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the pathogenesis of the disease, leading to
alternative treatment strategies.
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