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Macrofocal multiple myeloma (MFMM) is a distinct entity within
multiple myeloma (MM) characterized by the presence of multiple lytic
bone lesions, with clonal plasma cells in the bone marrow accounting for
<10%.1,2 The revised 2022 Chinese guidelines for the diagnosis and
treatment of MM state: in patients with <10% clonal plasma cells in
multi-site bone marrow aspirates, attention should be given to MFMM,
characterized by single or multiple bone destructive lesions, often
accompanied by involvement of surrounding soft tissues or lymph
nodes.3 Research is limited regarding the long-term use of adoptive
immunotherapy for the treatment of MFMM; as such, we report herein
the case of an elderly patient diagnosed with MFMM who experienced
severe chemotherapy side effects and subsequently underwent adoptive
immunotherapy. Remarkably, the patient benefited from 14 years of
treatment [Figure 1A].

In April 2007, a 67-year-old man was diagnosed via computed to-
mography (CT) with expansive lytic destruction and localized swelling of
the soft tissue on the outer aspect of the left ninth rib. Positron emission
tomography (PET)-CT revealed a localized area of increased fluo-
rodeoxyglucose (FDG) metabolism in the posterior aspect of the left ninth
rib with a maximum standardized uptake value of approximately 8.5. CT-
guided biopsy of the mass revealed a plasma cell myeloma. The patient
did not present with fever, night sweats, or weight loss. Immunoglobulin
(Ig)G was 19.8 g/L, Igκ light chain was 4.7 g/L, and the remaining Ig
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levels were within the normal range. Routine blood tests; renal function
tests; lactate dehydrogenase, blood calcium, and serum albumin levels;
serum protein electrophoresis; and blood and urine immunofixation
electrophoresis showed no abnormalities. Biopsy and aspiration of the
posterior-superior iliac spine did not reveal any marrow cells indicative
of myeloma. In May 2007, the patient underwent surgical resection of the
ninth rib, and a postoperative biopsy revealed a plasmacytoma
measuring 4 cm� 3 cm� 1.5 cm. Immunohistochemical staining showed
results for κ (þþþ), λ (focallyþ), CD38 (þþ), CD138 (þ), CD79α (�),
and Ki-67 (þ,<25%). The patient was clinically diagnosed with solitary
bone plasmacytoma. However, no further treatment plans were pro-
posed. By March 2008, the patient experienced mild tenderness over the
left eighth rib. PET-CT revealed a slight increase in uptake, a fracture in
the left eighth rib, and increased uptake in the right femoral neck.
Compared with the spinal magnetic resonance imaging (MRI) examina-
tion in 2007, spinal MRI revealed a clearly round signal with a diameter
of approximately 1.0 cm at the T9 vertebra and similar signals with a
maximum diameter of 2.1 cm at the L3 and L5 vertebrae. Dynamic
postoperative monitoring of humoral immunity revealed an initial
decrease in IgG and Ig lambda light chain (LC) levels. Subsequently, there
were progressive increases, reaching maximum values of 20.7 g/L and
4.9 g/L, respectively. Additionally, routine blood tests; renal function
tests; lactate dehydrogenase, blood calcium, and serum albumin levels;
serum protein electrophoresis; and blood and urine immunofixation
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Figure 1. The changes in laboratory pa-
rameters and imaging findings during the
course of the disease are shown. (A) Treat-
ment timeline. (B) Regular spinal and pelvic
magnetic resonance imaging (MRI) exami-
nations showed that, after 10 cycles of CIK
cell therapy, the original multiple lytic le-
sions had gradually diminished, with signs of
gradual repair emerging. By the 21st treat-
ment cycle, most of the bone destruction had
essentially disappeared, and significant
repair had occurred. Importantly, no new
lytic lesions appeared throughout the treat-
ment course. T1-weighted magnetic reso-
nance images of the thoracic spine, lumbar
spine, and femoral neck were taken at eight
different time points corresponding to
various stages of the disease: disease pro-
gression (March 2008), post-chemotherapy
(February 2009), after eight courses of CIK
therapy (September 2009), after 21 courses
of CIK therapy (September 2011), after 51
courses of CIK therapy (March 2014), after
21 courses of NK therapy (March 2018), after
59 courses of NK therapy (May 2021), and
after 81 courses of NK therapy (March 2023).
(C) Fluctuation of serum immunoglobulin
(Ig)G, β2-microglobulin, and κ chain during
the course of the disease. (D) Lymphocyte
subset monitoring showed an increasing
trend in CD8þ T and B cells after CIK cell
therapy (P > 0.05) and an elevated trend in
NK cells after NK cell therapy (P > 0.05).
CIK: Cytokine-induced killer; CP: Cyclo-
phosphamide and prednisone; Ig: Immuno-
globulin; MP: Melphalan and prednisone;
MRI: Magnetic resonance imaging; NK: Nat-
ural killer; VAD: Vincristine, doxorubicin
liposome, and dexamethasone.
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electrophoresis revealed no abnormalities. Bone marrow biopsy revealed
2% plasma cells without abnormal morphology. After consultation and
evaluation by multiple expert hematologists, the patient was diagnosed
with postoperative disease progression. The clinical diagnosis was mul-
tiple solitary plasmacytomas of the bone (bone MSPs), also known as
MFMM (revised according to the guidelines). To control disease pro-
gression, treatment was administered according to the protocol for MM.
From March 2008 to August 2009, the patient underwent chemotherapy,
which consisted of one cycle of the cyclophosphamide and prednisone
(CP) regimen, three cycles of the melphalan and prednisone (MP)
regimen, and three cycles of the vincristine, doxorubicin liposome, and
dexamethasone (VAD) regimen. Lenalidomide was administered be-
tween August 2008 and August 2009. A year after therapy, the patient
developed grade II drug-related toxicities, which manifested as recurrent
oral and conjunctival inflammation, frequent upper respiratory tract in-
fections, and uncontrolled hypertension. Partial response (PR) was ach-
ieved. The patient reported a decline in quality of life. Given the risk of
mortality, the patient declined allogeneic stem cell transplantation.
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Starting in March 2009, he received monthly autologous cytokine-
induced killer (CIK) cell immunotherapy, and from March 2009 to May
2016, he underwent 86 cycles.

Regular spinal and pelvic MRI examinations showed that, after 10
cycles of CIK cell therapy, the original multiple lytic lesions gradually
diminished, with emerging signs of gradual repair. By the 21st
treatment cycle, most of the bone destruction had essentially dis-
appeared, and significant repair had occurred [Figure 1B]. Impor-
tantly, no new lytic lesions were observed during treatment. After six
cycles of CIK cell therapy, the patient's Ig levels returned to normal,
and the previous chemotherapy-related side effects subsided
[Figure 1C]. Since then, the patient has remained infection-free. In
June 2016, owing to adjustments in the hospital's tumor laboratory
projects, he was transitioned to monthly autologous natural killer
(NK) cell immunotherapy; between June 2016 and July 2023, the
patient received 85 cycles. In subsequent follow-ups, he reported
controlled blood pressure, increased energy levels, and an enhanced
ability to engage in daily activities. At 83 years of age, the patient had
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undergone consistent autologous adoptive immunotherapy for >14
years. Improvement was also observed in lymphocyte subsets
[Figure 1D].

The steps of CIK cell therapy were as follows: before each treatment,
50 mL of venous blood was collected from the patient on an empty
stomach. CIK cells were generated through the cultivation of steady-state
isolated products with a cultivation period of 16–19 days; the specific
procedures have been described previously.4 Prior to infusion, CIK cells
were required to meet the following criteria: leukemia cell proportion
<0.01%, CD3-positive cell proportion>75%, and cell viability confirmed
by trypan blue staining, with viability >95%. After the completion of
cultivation, CIK cell infusion was performed over a 2-day period in each
treatment cycle. The steps of NK cell therapy were as follows: before each
treatment, 60 mL of venous blood was collected from the patient on an
empty stomach. NK cells were generated through the cultivation of
steady-state isolated products over a cultivation period of 14 days. The
determination of antitumor cell activity involved flow cytometry to
detect cellular granule enzymes and perforin expression. The cell infu-
sion quantity was 5 � 109.

We observed that the application of CIK and NK cell therapies
restored bone damage caused by giant lesion-type MM. Therefore, we
conducted a literature search to determine why CIK and NK cells pro-
moted bone repair. Previous studies demonstrated that bone fracture
healing is controlled by the immune system. During the bone-healing
process, immune cells infiltrate the hematoma and release cytokines
that participate in the repair of bone fractures. CIK cells, due to their
characteristic inclusion of both T lymphocytes and NK cells, can simul-
taneously utilize these two immune mechanisms. K€onnecke et al.5 found
that bone fracture healing was regulated by T cells, which are observed at
the injury site during both the early and late phases of the healing pro-
cess. Nam et al.6 reported that Rag1�/� mice lacking T and B cells
exhibited impaired bone fracture healing compared to wild-type mice.
These findings revealed that the absence of T cells in Rag1�/� mice
leads to delayed maturation of osteoblasts and reduced bone formation.7

Additionally, the pro-inflammatory cytokine interleukin-17, produced by
T helper 17 cell (Th17) lymphocytes, has been shown to be a crucial
mediator of osteogenesis during the bone fracture healing process.6

However, there have been no relevant reports on the role of NK cells in
bone healing. Therefore, we suppose that CIK and NK cell therapies
participate in the bone repair process through immune regulation;
however, the specific mechanisms require experimental verification.

It has been shown that older patients with MFMM have a poorer
prognosis than that of younger patients. This is attributed to a higher
resistance to conventional chemotherapy and the more frequent presence
of comorbid conditions. Since June 2008, our team has conducted clin-
ical research on adoptive immunotherapy (using CIK and NK cells) for the
treatment of hematological malignancies, achieving satisfactory thera-
peutic outcomes.8,9 To our knowledge, this is the first report of prolonged
use of autologous CIK and NK cell therapy for MFMM with complete
response (CR) and bone lesion repair.10 This case shows that plasma cell
tumors, especially MFMM, can be managed with adoptive immuno-
therapy as a maintenance treatment after achieving a partial response
(PR) or CR through chemotherapy, antibody therapy, or targeted ther-
apy. Lymphocyte subset monitoring showed an increasing trend in CD8þ
T and B cells after CIK cell therapy (P> 0.05) and an elevated trend in NK
cells after NK cell therapy (P > 0.05). This suggests immunotherapy is
beneficial for enhancing the number and function of various immune
cells in the body; improvement in various indicators reflecting efficacy
may be associated with a shift in the immune status toward a more
favorable environment for antitumor immune responses. This approach
of long-term and continuous adoptive immunotherapy (including CIK
and NK cells) has the potential to achieve long-term remission,
disease-free survival, and restoration of bone damage. Future clinical
trials of this adoptive immunotherapy (based on CIK and NK cells) are
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needed and should include more patients with plasma cell tumors to
further explore the mechanisms of efficacy.
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