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Even patients with lymphoproliferative diseases may develop a persistent chronic pain
not responsive to usual treatments due to changes in antibody production and to
some treatments like radiotherapy, chemotherapy, and the administration of monoclonal
antibodies, which further impair the immune defense and induce chronic inflammatory
phenomena acting as a substrate for a persistent chronic pain. Five patients with indolent
lymphoproliferative diseases were treated for severe pain nonresponsive to other pain
reliever treatments with SCS applied with an All-in-One Shot (OS) procedure. For all
patients, the estimated survival time was of 5 years or more. All patients showed a
significant reduction of the intensity of pain: the mean Numerical Rating Scale was 7.4
before treatment and 2.2 after. No patient developed adverse events. Supported by the
data of this study, we believe that the habit to deprive patients with an indolent form of
lymphoproliferative diseases of the possibility to reduce the intensity of chronic pain by
SCS treatment is extremely reductive and frustrating.

Keywords: lymphoproliferative diseases, spinal cord stimulation, chronic pain, burst stimulation, DRG stimulation

BACKGROUND AND INTRODUCTION

The pain is an epiphenomenon of several pathological processes. A constant stimulation of the
nociceptive pathways produces changes in the ion channels, receptors, and nerve synapses, which,
together with an increased diffusion of neurotransmitters and neuromodulators, facilitates the
depolarization of peripheral and central neurons (1-5). Thereby, ectopic discharges are generated
that activate and amplify the neighboring cells generating a constant painful sensation. These
mechanisms also involve the dorsal root ganglia, where the sensory neurons reside and/or the dorsal
horn of the spinal cord, which receives peripheral inputs to modulate pain sensitivity. In addition,
the overproduction of cytokines (IL-6, TNF-a, and IL1-B) by macrophages and monocytes amplify
the inflammation and, consequently, induces an increase of pain (6-8). Fortunately, both activated
B and T lymphocytes exert an inhibitory action on pain by the production of IL-10, the cytokine
with the highest inhibitory action on IL-1f, IL-6, and TNF-a secretion (9-12). In addition, in
diseases inducing an alteration of the immune system, like in lymphomas, the abovementioned
mechanisms may be amplified with a consequent enhancement of pain (13-16).

The subcutaneous spinal cord stimulation (SCS) is among the main innovative techniques to
control the otherwise intractable chronic pain. SCS uses low voltage current that reaches the spinal
cord through the application of epidural leads that stimulate nerve fibers blocking or weakening
the transmission of pain (17-21). The subcutaneous SCS induces a tingling sensation in the patient
that overlaps the area where the pain is felt. High-frequency SCS without paraesthesia has been
introduced for treatment chronic pain and has shown good efficacy (22). The location where the
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stimulator needles are introduced varies according to the
metamer involved in pain production. The system is considered
effective if the patient perceives a reduction of pain of at least 50%.
Usually, a test device is first used, which, if valid, is replaced with
a definitive system consisting of housing the neurostimulator
(pulse generator) in a subcutaneous pocket, abdominal or
lumbar. The pulse generator is then connected to the subdural
lead by means of a connection cable that is tunneled into the
subcutaneous tissue, so that no component of the definitive
system remains externally visible at the end of the intervention
(23-27). The complications due to the surgical insertion of an
epidural lead are usually reversible and include bleeding with
hematoma formation in the epidural space, headache due to
accidental puncture of the dura mater with loss of cephalorachid
fluid, infections and paresis due to possible compression of the
spinal cord, extravasation of serum at the pulse generator plant
site, feeling of numbness or persistent pain localized to the
area below the implant or at the electrode implant site, allergic
reactions, and attempts of rejection for implanted materials. Over
time, a stimulation change may occur due to cellular changes in
tissues surrounding the electrodes caused by the displacement of
the electrodes, loosening of the electrical connections, defects in
the lead, or alterations in the charge of the batteries. Spinal cord
stimulation is mainly applied in the failed back surgery syndrome
(FBSS), neuropathic pain, peripheral ischemic pain, amputation
pain and visceral pain (28, 29), and disorders involving chronic
pain lasting for years.

Lymphoproliferative diseases can be classified as aggressive
or indolent. The aggressive forms need immediate intensive
treatment to improve the expectancy of life. Instead, Indolent
lymphoproliferative diseases have a slow growth and are
usually treated only in case of systemic symptoms, symptomatic
splenomegaly, bulky mass over 7 cm, and progressive leukemic
serum effusions. The indolent forms require a 3- to 6-
month watch-and-wait period to verify whether the disease
may turn aggressive; this strategy is linked to three main
reasons: the good long-term prognosis measured in years,
the absence of benefits with chemotherapy that however
may induce severe side effects, and the possibility of these
indolent forms going through multiple reactivations over
time requiring different chemotherapy treatment (30, 31).
Chronic lymphocytic leukemia/small lymphocytic lymphoma
(CLL/SLL), Waldenstrom macroglobulinemia (WM), follicular
lymphoma (FL), and marginal zone lymphoma (MZL) are
all examples of indolent lymphoproliferative diseases (32—
34). International Prognostic Scores to forecast the survival
expectation of each single type of lymphoma have been proposed
and validated. The parameters used in these systems are
the clinical stage, the number of sites involved, the age of

Abbreviations: SCS, subcutaneous spinal cord stimulation; HFSCS, high-
frequency SCS without paraesthesia; FBSS, failed back surgery syndrome;
CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; WM,
Waldenstrom macroglobulinemia; FL, follicular lymphoma; MZL, marginal
zone lymphoma; IGHV, immunoglobulin heavy chain region variable; LDH,
lactate dehydrogenase; CLL-IPI, The International Prognostic Score; ISSWM,
International Prognostic Scoring System; MPQ, McGill Pain Questionnaire; NRS,
Numerical Rating Scale; PS, performance status; DRG, dorsal root ganglion; PRE
pulsed radiofrequency treatment.

patients, blood count, immunoglobulin heavy chain region
variable (IGHV) mutational status, cytogenetic abnormalities,
serum B2 microglobulin, lactate dehydrogenase (LDH) serum
values, and serum monoclonal protein concentration. The
performance status and the presence of comorbidities should
also be considered, conditions that may influence the survival
in patients with lymphoproliferative diseases. An imbalance in
antibody production is commonly observed in these patients.
This immunologic damage is aggravated in treated patients using
immunosuppressants (chemotherapy, monoclonal antibodies,
and radiotherapy) with a stronger reduction in the efficacy of
the immune system and with an increased possibility to develop
serious infectious diseases. This requires remarkable caution in
carrying out SCS in patients with lymphoproliferative diseases. A
cause—effect relationship between trial duration and the risk of
infection is well-demonstrated (35); in this study, we describe the
effect of All-in-One SCS in five patients at elevated infection risk
with an indolent lymphoproliferative disease complaining of an
intense pain resistant to numerous pain-relieving treatments.

MATERIALS AND METHODS

In the last 2 years, five patients with B-cell lymphoproliferative
diseases with a life expectancy of more than 5 years complaining
for an intense persistent pain resistant to numerous pain-
relieving treatments were treated with SCS at the Department

FIGURE 1 | Case 1: Two aligned octopolar leads with tip in T7.
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of Pain Therapy Monaldi Hospital—AORN Ospedali dei Colli,
Naples, Italy. Before implanting the SCS apparatus, individual
prognostic scores were examined.

The International Prognostic Score (CLL-IPI) was calculated
for two CLL patients, the FLIPI was calculated for two follicular
lymphoma (FL) patients, and the International Prognostic
Scoring System (ISSWM) was calculated for one patient with
WM. The SCS stimulation was considered effective when a
pain reduction >50% was obtained. The intensity of pain was
assessed according to the McGill Pain Questionnaire (MPQ),
recording the Numerical Rating Scale (NRS) of the pain average:
minimum pain, maximum pain, and pain during exertion (scale
0-10, where 0 = no pain and 10 = worst pain ever). At
the baseline visit, each patient signed an informed consent
for the anonymous use in clinical investigation and scientific
publication, according to Italian laws on privacy and with the

FIGURE 2 | Case 2: Two octopolar leads with a non-aligned tip in T6 (left) and
T7 (right).

rules of our ethics committees. All patients were evaluated
with ECOG Performance Status (PS). Patients, according to
the CARE guidelines, underwent physical examination, routine
blood chemistry tests, and serum markers of HBV, HCV, and HIV
infections (by commercial immunoenzymatic assays) (36-42). To
reduce the risk of infection, the SCS apparatus was implanted in
a single session (One Shoot technique).

Statistical Analysis

The Wilcoxon signed-rank test was used to evaluate changes
in NRS before and after SCS in each patient, a non-parametric
test useful for assessing whether two repeated measurements
in a single patient differ significantly (p < 0.05). We assessed
individual NRS changes in pain before and after SCS with the
Wilcoxon signed-rank test using the Reliable Change Index,
which indicates whether a change in the NRS score is significantly
greater than expected based on the reliability test-retest. In the
reliable change, index X1 represents a subjects pre-test score,
X2 represents the post-test score in the same subject, and Sdiff
is the standard error of the difference between the two test
scores. Sdiff can be computed directly from the standard error
of measurement (SE) according to the following: RC: X1 -
X2/SDIFE, where SDIFF = /2(SE) 2, and SE is computed as
follows: SE = s/1 - rxx. We used a 95% confidence interval,
meaning that we considered RCI values of 1.96 or higher
statistically significantly.

Brief Report of the Cases

Case 1: A 70-year-old Caucasian man was first observed at our
clinical center in January 2019 for chronic lymphocytic leukemia
stage IT according to Rai staging. This patient complained about a
left leg pain with a NRS score of seven due to a FBSS consequent
to microdiscectomy for lumbar disc herniation performed 1 year
before. The only blood test abnormalities were a lymphocytosis
(15,000 cells per mmc) and a slight decrease in gamma globulin
serum levels. He had an IGHV mutated status, no cytogenetic
abnormalities, serum B2 macroglobulin = 2 mg/L, and PS =
2. His CLL-IPI showed an intermediate risk with 79.3% 5-years
survival possibility. He was negative for serum markers of HBV,
HCV, and HIV infections. In February 2019, he was treated
with OS dorsal SCS, implanting two leads with tip in T7; the
chosen waveform was BURST DR with the following parameters:
frequency 40 Hz, intraburst 500 Hz, pulse length 1,000 ms, Max
Amplitude 2 mA (Figure 1). His pain was relieved soon and the
NRS score was 2 in March and in August 2019. No adverse event
had occurred.

Case 2: A 65-year-old Caucasian woman was observed at
our clinical center in March 2019 for a back pain with multiple
radicular irradiation not responsive to treatments with oral
opioids and multilevel dorsal root ganglion (DRG) pulsed
radiofrequency treatment (PRF). She was affected by CLL stage II
according to Rai staging. A lymphocytosis (30,000 cells per mmc)
and a slight decrease in gamma globulin serum levels were the
only abnormalities in the blood tests. She had an IGHV mutated
status, no cytogenetic abnormalities, serum 2 microglobulin =
3 mg/L, and PS = 2. Her CLL-IPI showed a low risk with a 93.2%
possibility of 5-year survival. He was negative for serum markers
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FIGURE 3 | Case 3: Dedicated octopolar high-frequency lead with tip in C2—-C3; the sweet spot of the electric field was set in the e1-e2 dipole.

AZIENDA DE| COLLI-MONALD|

"}\

22,07,2019

5.9 min
0.00 mGy/min
92.73 mGy

0=C

of HBV, HCV, and HIV infections. The NRS was 8 in April
2019 when she was treated with an OS dorsal SCS implanting
two leads with a non-aligned tip in T6 (left) and T7 (right); the
chosen waveform was BURST DR with the following parameters:
frequency 40 Hz, intraburst 500 Hz, pulse length 1,000 ms, Max
Amplitude 2 mA (Figure 2). Her pain was relieved soon and her
NRS score was 2 in May and in November 2019. No adverse event
had occurred.

Case 3: A 53-year-old Caucasian woman was observed
at our clinical center in June 2019 for a severe herpetic
trigeminal neuropathy involving both the first and second
branch non-responsive to carbamazepine, opiates, and local
anesthetic therapy persisting for 2 years. At that time, a severe
vesicular eruption was also present and the NRS was 10.
She was suffering from myasthenia gravis on treatment with
immunosuppressants for 20 years and from WM in a watch-and-
wait therapeutic program. Her blood count and blood chemistry
tests were normal, except for a broad-based peak in the gamma
globulin region. Her serum IgM was 1.8 (g/L) and serum B2-
microglobulin = 2.2 (mg/L). Her ISSWM was 0 with a median
survival of 142 months. Her PS was 2. All serum markers of HBV,
HCV, and HIV infections were negative. She was treated with an

OS SCS implanting one lead with tip in C2-C3 in July 2019; the
chosen waveform was high frequency at 10 kHz; the sweet spot of
the electric field was set in the el-e2 dipole (Figure 3). Her NRS
score decreased to 5 in August 2019 and to 4 in February 2020.
No adverse event was observed.

Case 4: A 70-year-old Caucasian man was observed at our
clinical center in April 2018 for a severe herpetic thoracic
neuropathy non-responsive to carbamazepine, opiates, and local
anesthetic treatments persisting for 1 year with a NRS score of
6. He was also affected by FL stage II according to Ann Arbor
staging with two sites involved. His PS was two. The blood cell
count and the other blood chemistry tests were normal, with
a mild depression in the gamma globulin region. His FLIPI
was 1, suggesting a low-risk category and a 10-years overall
survival of about 70%. Serum markers of HBV, HCV, and HIV
infections were negative. She was treated with right T8 and
T10 DRG stimulation in May 2018; the implant was applied
with an OS procedure. No adverse reaction had been observed.
His NRS was 1 in June 2018 and 2 in December 2018 and
June 2019.

Case 5: A 69-year-old Caucasian man was observed at
our clinical center in September 2019 for a severe intercostal
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neuropathy that arose after a diagnostic lung biopsy performed in
a video-assisted thoracoscopic surgery (VATS) for pulmonary FL.
No other side of the disease was demonstrated by a [!8f] fluoro-
D-deoxyglucose positron emission tomography/computed
tomography (FDG-PET/CT) performed in February 2019. At
that time, the LDH serum value was 200 IU/L, and all other blood
tests were normal. In March 2019, he performed a RT (24Gy) and
in May 2019, a FDG-PET/CT showed a complete remission of
pulmonary lesion.

No pain relief was observed after DRG pulsed radio frequency
(PRF) thermal ablation of the transverse process of D4 performed
in May 2019. The patient was in stage IE according to Ann
Arbor staging, his PS was two, and his FLIPI was one, a value
indicating a low-risk category with a 10-year overall survival of
about 70%. Serum markers of HBV, HCV, and HIV did not show
an ongoing infection, while an anti-HBc positivity was a clue
of a past HBV infection. In September 2019, still suffering for
an intractable persistent intercostal pain with NRS of 6, he was

Electrode

Electrode

FIGURE 4 | Case 5: Two quadripolar leads in right D3 and D5 foramen.

\ D3 DRG

S

TABLE 1 | Some characteristics of five patients with lymphoproliferative disease and chronic pain treated with SCS.

No. of Disease Sex Age PS Prognostic Expected NPR score NPR score
Patients index survival before TX after TX
1 CLL M 70 2 CLL-IPI 5-years survival: 7 2
1 79.3%
2 CLL F 65 2 CLL-IPI 5-years survival: 8 2
2 93.2%
3 WM F 53 2 ISSWM Median survival: 10 5
0 142 months
4 FL M 70 2 FLIPI 10-years overall 6 1
1 survival:
approximately 70%
5 FL M 69 2 FLIPI 10-years overall 6 1
1 survival:
approximately 70%
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treated with right D3 and D5 DRG stimulation. The implant
was done using an OS procedure with the following parameters:
continuous stimulation frequency, 30 Hz; pulse width, 300 ms;
max amplitude range, 0.350-0.450 mA (Figure 4). The NRS was
1 after the SCS and was also 1 in March 2020. No adverse event
had occurred.

General Comments on the Five Clinical

Cases

Five patients with lymphoproliferative diseases were treated for
severe pain nonresponsive to other pain reliever treatments with
SCS, two had CLL, one had WM, and two had FL; two were
females and three were males; the median age of the patients
was 69 years (range 53-70). The PS was two in all cases. The
SCSs implanted were lumbar in one patient, cervical in two, and
ganglionic in two. For all patients, the estimated survival time was
of 5 years or more. The mean NRS before treatment was 7.4, with
highest peak at 10 and the lowest at six, whereas the mean NRS
after treatment was 2.2, with highest peak at five and lowest at
one (Table 1). The Wilcoxon signed-rank test concerning NRS
changes before and after HFSCS showed a significant favorable
difference between the two time points (z = —2.12; p = 0.034).
The reliable change index for NRS score at the two different time
points showed a RCI of 2.07 and an effective size of 3.11. These
data confirm that HESCS has produced a significant reduction of
pain in our five patients.

We conclude that the high-frequency SCS was useful for
all patients with lymphoproliferative diseases included in the
present study.

No patient had ongoing HIV, HCV, and HBV infections.
None of these five patients experienced adverse events or
infections signs.

DISCUSSION AND CONCLUSION

The most common indications for SCS are FBSS, complex
regional pain syndrome, brachial plexopathy, diabetic
neuropathy, post-herpetic neuralgia not responding to other
treatments, and pain associated with vascular pathology or
secondary to damage of peripheral nerves. All these indications
do not foresee their use in the onco-hematological patients.
In these patients, the greater risk of both systemic and local
infections could jeopardize the success of the implant. The
reduced prognosis of these patients, the greatest risk of infections
and the high cost of the procedure are the reasons for the scarce
use of this technique in this patient setting. Unfortunately,
changes of the immune system occurring in patients with
lymphoproliferative diseases may favor the onset of intractable
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