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Improvements in Intractable Lumbar and Lower-
Extremity Symptoms after Systemic Administration
of Tocilizumab, an Anti-interleukin-6 Receptor
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Study Design: Prospective cohort study (open-label, single-arm, and non-blinded).

Purpose: This study aims to determine the effects of systemic administration of tocilizumab, an anti-interleukin-6 (IL-6) receptor anti-
body on refractory low back pain and leg symptoms.

Overview of Literature: IL-6 overexpression is associated with neuropathic pain pathogenesis, which is potentially followed by
chronic low back pain, including leg pain and numbness. This finding suggest that inhibition of IL-6 at the site of pain or in the trans-
mission pathway could provide novel therapeutic targets for chronic low back pain.

Methods: This prospective, single-arm study included 11 patients (eight men; mean age, 62.7 years) with >3-months’ chronic pain
history due to lumbar disease. Subcutaneous TCZ injections were administered twice, at a 2-week interval. We evaluated low back
pain, leg pain, and leg numbness using numeric rating scales and the Oswestry Disability Index (ODI; baseline and 6 months postin-
jection); serum IL-6 and tumor necrosis factor-o levels (baseline and 1 month postinjection); and clinical adverse events.
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Results: Intractable symptoms reduced after TCZ administration. Low back pain improved for 6 months. Improvements in leg pain and
numbness peaked at 4 and 1 month, respectively. Improvements in ODI were significant at 1 month and peaked at 4 months. Serum
IL-6 was increased at 1 month. IL-6 responders (i.e., patients with IL-6 increases >10 pg/mL) showed particularly significant improve-
ments in leg pain at 2 weeks, 1 month, and 2 months compared with nonresponders. \We observed no apparent adverse events.
Conclusions: Systemic TCZ administration improved symptoms effectively for 6 months, with peak improvements at 1-4 months and
no adverse events. Changing serum IL-6 levels correlated with leg pain improvements; further studies are warranted to elucidate the
mechanistic connections between lumbar disorders and inflammatory cytokines.
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Introduction

Low back pain (LBP) is a major issue in orthopedic pa-
thology that requires the use of significant medical re-
sources [1] and has a lifetime incidence of approximately
80% [2]. The primary cause of LBP is degeneration or rup-
ture of lumbar structural tissues, such as the intervertebral
disc (IVD), facet joint, or muscle structure [3,4]. Patients
with LBP are typically treated with medication, injections,
and rehabilitation therapy. However, LBP symptoms gen-
erally do not improve, and chronic LBP develops because
of the insufficient effectiveness of current treatments [5].
LBP results from the overexpression of pivotal inflamma-
tory cytokines, such as interleukin-6 (IL-6) and tumor ne-
crosis factor-a (TNF-a), in degenerated lumbar structures
[6]. Furthermore, the overexpression of IL-6 can contrib-
ute to the pathogenesis of neuropathic pain [7], which
can be followed by chronic LBP, leg pain, and numbness.
Thus, IL-6 inhibition at the site of pain or in the transmis-
sion pathway could provide novel therapeutic targets for
LBP. Tocilizumab (TCZ), which is a humanized anti-IL-6
receptor monoclonal antibody that blocks IL-6 from bind-
ing to its receptor [8], has shown excellent therapeutic
efficacy and safety in patients with rheumatoid arthritis
[9,10]. We previously reported the results of epidural TCZ
administration for the treatment of radicular leg pain with
lumbar spinal stenosis; however, the observed analgesic
effect lasted for only 4 weeks. Moreover, there is no evi-
dence on the efficacy of systemic TCZ administration for
the management of pain in lumbar diseases. We hypoth-
esized that systemic TCZ administration might confer
a long-term analgesic effect on the pain associated with
lumbar diseases. In this study, we evaluated the efficacy
and safety of systemic TCZ administration in patients

with chronic LBP and related symptoms such as leg pain
and numbness.

Materials and Methods

We performed an assessment of our hypothesis that sys-
temic TCZ administration might be efficacious and safe
to treat chronic LBP, leg pain, and numbness in patients
with lumbar diseases who show resistance to conservative
therapies. Our study was prospective, open-label, single-
arm, and nonblinded. Ethical approval was provided by
the institutional review board of the University of Chiba,
Japan (IRB approval no., G26026), and all participants
provided written informed consent.

Approximately 3,000 patients with chief complaints of
lumbar and lower-extremity symptoms visited our out-
patient clinic over 1 year; we enrolled 14 of these patients
(nine men and five women; mean age, 63.0 years) who
showed resistance to conservative therapies (medica-
tion, rehabilitation therapy, or injection) for longer than
3 months. The inclusion criteria were a baseline numeric
rating scale (NRS) pain score >4 (0, no pain; 10, worst
pain) and an Oswestry Disability Index (ODI) >30%.
Individuals with spinal or spinal cord tumors, infec-
tion, trauma, or psychiatric disorders were excluded.
The enrolled patients were diagnosed with lumbar spinal
stenosis, degenerative spondylolisthesis, or lumbar disc
diseases based on their clinical symptoms and radiological
findings. Five patients had previously undergone lumbar
spinal surgery, and two patients had undergone multiple
back operations. Blood examinations were performed on
all patients before drug administration. Any patients who
had serious medical disorders, such as a high inflamma-
tory response; untreated diabetes; infectious diseases; or



heart, lung, liver, or renal disorders were excluded. Base-

line ODI and NRS scores for LBP, leg pain, and leg numb-
ness were recorded for each patient and were based on
the results of a questionnaire. Subsequently, systemic TCZ
administration by subcutaneous injection (162 mg) was
performed twice after rheumatoid arthritis therapy, with a
2-week interval between injections [11]. Serum IL-6 and
TNEF-a levels were measured before and at 1 month after
TCZ administration.

We evaluated the following data: (1) temporal changes
in self-reported pain evaluation using the NRS score (LBP,
leg pain, and numbness before TCZ administration; at 1, 7,
and 14 days after TCZ administration; and at 1, 2, 4, and 6
months after TCZ administration); (2) temporal changes
in self-reported daily activity evaluation based on the ODI
(before TCZ administration and at 1, 2, 4, and 6 months
after); (3) changes in serum IL-6 and TNF-a levels (before
TCZ administration versus 1 month after); and (4) any
significant variation in the amount of cytokine changes.
Furthermore, patients were divided into responder and
nonresponder subgroups based on the rate of serum IL-6
change (described later), and the change in NRS scores
was compared between these two subgroups. Finally, we
recorded and evaluated any clinical adverse events.

Paired comparisons of NRS and ODI scores with >3
time points were analyzed by Friedman’s test. Between-
group comparisons were conducted employing the Wil-

Table 1. Pain score and serum cytokine level before drug administration
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coxon t-test. The Mann-Whitney U-test was used for
comparisons between the responder and nonresponder
groups and comparisons of each serum cytokine level. A
p-value <0.05 was considered statistically significant for
all analyses.

Results

One patient refused the second TCZ administration be-
cause the visit was inconvenient. Two patients elected to
undergo surgical treatment within 2 months after TCZ ad-
ministration. The remaining 11 patients (eight men, three
women; mean age, 62.7+13.4 years) were followed for 6
months. Table 1 shows the baseline patient characteristics.
LBP, leg pain, and leg numbness were reduced after TCZ
administration (Fig. 1). LBP was significantly reduced at
2 weeks after TCZ administration, and the pain reduc-
tion continued for 6 months. Leg pain was significantly
reduced at 1 week after TCZ administration, with pain
reduction peaking at 4 months after TCZ administration,
and tending to slightly worsen at 6 months. Leg numbness
was significantly reduced 1 day after TCZ administration,
and the effect peaked at 4 months, which was similar to
the effect of TCZ administration on leg pain. The patients’
ODI was significantly improved at 1 month after TCZ
administration; the ODI improvement tended to continue
until 4 months and then slightly worsened at 6 months

NRS Serum cytokines
Caseno.  Age (yr) Diagnosis
Leg pain Leg numbness IL-6 (pg/mL) TNF-a (pg/mL)

1 7 LSS 7 7 0 67.8 1.3 1.2

2 63 LSS 10 10 10 70.0 7.9 38.0

3 83 DDD 8 7 7 56.0 39 11.5

4 47 DDD 9 0 0 40.0 1.1 1.4

5 49 DDD 4 0 0 28.0 09 1.1

6 52 LDH 7 6 7 40.0 1.7 31.0

7 74 LSS 5 5 5 378 3.0 12.4
8 73 LSS 8 8 2 54.0 24 28

9 63 LSS 4 3 8 18.0 1.8 0.9
10 73 FS 3 8 5 42.2 9.1 24.3
" 42 DDD 10 3 5 320 1.3 1.4
Mean+SD  62.7+13.4 6.8+2.5 5.2+2.3 45£3.0 43.3+4.8 4.0+1.1 11.5+3.7

NRS, numeric rating scale; LBP. low back pain; ODI, Oswestry Disability Index; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a; LSS, lumbar spinal stenosis; DDD,
degenerative disc disease; LDH, lumbar disc herniation; FS, foraminal stenosis; SD, standard deviation.
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Fig. 1. All numeric rating scale (NRS) scores showed significant improvement
after systemic tocilizumab administration. Low back pain (LBP) improved for
up to 6 months. The peak of the improvement in leg pain was observed at 4
months, whereas the peak of the improvement in leg numbness was observed
at 1 month. Error bars represent the standard error of the mean. BL, baseline.
*p<0.05 and **p<0.01 compared with BL.
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Fig. 2. Oswestry Disability Index (ODI) was significantly improved at 1 month
compared with the baseline value. The effect on ODI tended to continue for 4
months, and was slightly restored at 6 months. Error bars represent the stan-
dard error of the mean. BL, baseline. *p<0.05 and **p<0.01 compared with BL.

(Fig. 2).

The patients’ serum IL-6 levels were increased at 1
month after systemic TCZ administration; however, their
serum TNF-a levels decreased after systemic TCZ ad-
ministration (Fig. 3). The increase in the patients’ serum
IL-6 levels was statistically significant (p=0.0026), which
suggested that patients with a more drastic change in
serum IL-6 level might experience more effective pain re-
lief. Therefore, we assigned the patients to responder and
nonresponder groups based on the change in their serum
cytokine levels. Patients were assigned to the responder
group if they showed serum IL-6 changes of >10 pg/mL;
otherwise, they were assigned to the nonresponder group
(Fig. 4). We compared the responder and nonresponder
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Fig. 3. (A, B) The mean serum interleukin-6 (IL-6) and tumor necrosis factor-o
(TNF-a) levels had increased and decreased, respectively, at 1 month after sys-
temic tocilizumab administration. Error bars represent the standard deviation.
BL, baseline; NS, not significant. **p<0.01 compared with BL.
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Fig. 4. Based on the changes in their serum interleukin-6 (IL-6) levels, the pa-
tients were divided into responder (increase of >10 pg/mL) and nonresponder
groups (<10 pg/mL). BL, baseline.

groups’ NRS scores collected at preadministration; at 1, 7,
and 14 days after TCZ administration; and at 1, 2, 4, and 6
months after TCZ administration. Table 2 shows the dif-
ferences in background data (age, sex, baseline severity)
between the responder and nonresponder groups. The re-
sponder group had a significantly greater improvement in
NRS score for leg pain at 14 days, 1 month, and 2 months
post-administration of TCZ than the nonresponder
group. However, the NRS scores for LBP and leg numb-
ness showed no significant differences between the groups
at any time point (Fig. 5).

We observed no apparent adverse effects associated with
TCZ administration, such as increased pain or numbness,



Table 2. Background data (nonresponder versus responder)

Variable Nonresponder (n=7) Responder (n=4) p-value
Age (yr) 61.9+12.7 64.3+16.4 <0.05
Sex <0.05
Male 5 3
Female 2 1
Diagnosis (case) >0.05
LSS 6 =
DDD 1 3
FS 1 -
LDH - 1
LBP (NRS) 6.4+2.5 7.5+2.6 <0.05
Leg pain (NRS) 6.9+2.1 4.5£2.1 <0.05
Leg numbness (NRS) 5.3+3.5 6.0+1.4 <0.05
0Dl 48.1+18.2 35.016.0 <0.05

Values are presented as meansstandard deviation or number.

LSS, lumbar spinal stenosis; DDD, degenerative disc disease; FS, foraminal
stenosis; LDH, lumbar disc herniation; LBP. low back pain; NRS, numeric rating
scale; ODI, Oswestry Disability Index.
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symptoms of infection (including fever), or increased pre-
existing disease during the study period.

Discussion

Systemic TCZ administration by subcutaneous injection
reduced the symptoms of chronic LBP, leg pain, and leg
numbness without adverse effects. The reduction in LBP
in our patients remained throughout the 6-month follow-
up period. However, the reductions in leg pain and numb-
ness reached their maximum at 4 months and 1 month,
respectively, after which the pain tended to increase
gradually. Similarly, the improvement in ODI peaked at 4
months. Among the serum cytokine levels analyzed, the
IL-6 level increased significantly. The increase in serum
IL-6 levels correlated with the reduction in leg pain at 14
days, 1 month, and 2 months after TCZ administration.
IL-6 is expressed in pain transmission pathways, which
include sites peripheral to the central nervous system,
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Fig. 5. (A—F) The interleukin-6 (IL-6) responder group had significantly greater rates of leg pain improvement at 2 weeks, 1 month, and 2 months post-administration
(*p<0.05) compared with the IL-6 nonresponder group, although the improvement rates for low back pain (LBP) and leg numbness did not differ significantly between
the groups at any of the investigated time points. NRS, numeric rating scale; BL, baseline.



I I(0Z8 Takeshi Sainoh et al.

and may contribute to pain [12,13]. Animal models have
shown increased IL-6 expression at the site of pain in
IVD injury [6,14], peripheral nerve injury [15], human
degenerated IVD [16], the facet joint [17], and cerebro-
spinal fluid [18]. In addition, increased IL-6 expression in
the pain transmission pathway of spinal cord injury and
sciatic nerve injury has been reported in animal models
[19,20]. Moreover, a mouse spinal cord injury model has
shown that intrathecal administration of an anti-IL-6 re-
ceptor mouse monoclonal antibody (MR16-1) improved
pain-related behavior [21].

We previously reported that an epidural TCZ admin-
istration to the spinal nerve reduced radicular leg pain;
however, the pain relief continued for only 1 month [22].
In addition, we reported that an intradiscal TCZ injection
provided an analgesic effect for only 1 month in patients
with discogenic LBP [23]. These studies showed that an
inhibition of IL-6 limited to the painful local lumbar
structure did not elicit a clinically useful pain relief effect.
Furthermore, block therapy was performed by perineural
puncture, and its invasiveness cannot be ignored. There-
fore, we hypothesized that systemic TCZ administration
could effectively reduce pain by affecting both the periph-
eral and central nervous systems. Moreover, systemic TCZ
administration by subcutaneous injection is less invasive
than other methods of administration.

TCZ is a humanized IL-6 receptor monoclonal antibody
that is widely used in the treatment of rheumatoid ar-
thritis, juvenile idiopathic arthritis, and adult-onset Still’s
disease. These diseases cause a systemic inflammatory
condition and degeneration of the joints and surrounding
tissue. TCZ suppresses the disease state in these disorders
by inhibiting the overexpression of IL-6 that binds to the
receptor. In our study, the mean serum IL-6 level in our
patients increased after systemic TCZ administration. Se-
rum IL-6 binds to the soluble IL-6 receptor or membrane
IL-6 receptor, which mediates IL-6 signaling into the cell
[24]. TCZ might have prevented this signaling pathway
and caused transient upregulation of the serum IL-6 level
via a feedback mechanism. We speculate that effective
inhibition of the IL-6 signaling pathway resulted in the
increased serum IL-6 level observed in our patients.

The change in serum IL-6 levels correlated with the re-
duction in leg pain. IL-6 genetic variations are associated
with degenerative disc disease (DDD), including sciatica
[2]. DDD and its associated lower-extremity symptoms
are characterized by tissue destruction, inflammation, and
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pain, all of which can be related to excessive IL-6 function.
Thus, an IL-6 haplotype is associated with DDD and sci-
atica [25]. In the current study, the reduction in leg pain
of the responder group was better than that of the nonre-
sponder group. The increase in serum IL-6 (nonbinding
IL-6) levels might have been the result of significant bind-
ing inhibition of IL-6 and IL-6R. Thus, IL-6 signaling (ex-
cessive and abnormal function related to intractable pain)
was satisfactorily suppressed in the responder group,
which might have led to their lower-extremity symptom
improvements.

We observed no obvious adverse events related to sys-
temic TCZ administration in this study. However, a previ-
ous study had reported infections in 41.6% of the patients
in the TCZ-subcutaneous (SC) group and in 45.1% of
those in the TCZ-intravenous (IV) group [11]. Nasophar-
yngitis was the most common event, with a prevalence
of 17.9% in the TCZ-SC group and 20.8% in the TCZ-IV
group. Serious infections occurred in 1.2% of the patients
in the TCZ-SC group and in 2.9% of those in the TCZ-IV
group [11]. Our study enrolled patients with chronic LBP
and excluded those with significant comorbidities. In ad-
dition, the patients received subcutaneous administrations
of TCZ only twice. These factors could have contributed
to the lack of adverse events.

Systemic TCZ administration was performed by sub-
cutaneous injection, which does not have the significant
drug delivery complications of other methods, such as
intravenous administration [11]. The advantages of sub-
cutaneous injection are less patient burden, easy self-
administration, and no preparation. Repeated TCZ
administration represents a change in the traditional
medical treatment for LBP, which is typically provided via
nonsteroidal anti-inflammatory drugs, acetaminophen, or
other approaches.

The present study has some limitations. First, this study
was not a controlled or randomized study. Future studies
should include a control group treated with normal saline
via subcutaneous injection and should be performed in
a blinded manner. The present study was a preliminary
investigation; further randomized, controlled trials are
essential. Second, this study was not compared with other
types of treatment, such as NSAIDs, pregabalin, trama-
dol, or intrathecal injection of TCZ. Third, the number
of patients was small, and they had various diagnoses. In
a future study, patients with chronic LBP and lower-ex-
tremity symptoms should be evaluated for each disorder.



Fourth, we performed subcutaneous TCZ injection only

twice, even though its effects continued for 4-6 months.
In cases of rheumatoid arthritis, TCZ administration is
performed continuously based on inflammatory findings
and clinical observation of the pain sites. The efficacy of
continuous and repeated administration should be exam-
ined accordingly. Finally, changes in cytokine levels in the
central nervous system, which includes the brain, spinal
cord, and blood, were not fully evaluated in the present
study. It is unclear how TCZ acts or leads to pain relief in
the body (especially the pain pathway). An animal model
should be developed, and evaluations of inflammatory
cytokines should be performed. Further studies should be
performed to elucidate the mechanistic connection be-
tween lumbar disorders and inflammatory cytokines and
to establish effective and safe anti-cytokine therapy.

Conclusions

We investigated the efficacy and safety of systemic TCZ
administration in patients with lumbar and lower-extrem-
ity symptoms. No apparent adverse effects were observed
in our patients, and pain, numbness, and activities of daily
living improved for 4-6 months. The changes in serum
IL-6 levels correlated with leg pain reduction.
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