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Background

Osteosarcoma is a primary malignant tumor that arises from
the bone and is observed commonly at a relatively young age
[1]. Therapy for operable osteosarcoma consists of the com-
bination of operation and chemotherapy, and radiation therapy
is thought to be relatively ineffective [2]. However, radiation
therapy in combination with chemotherapy is chosen for cases
of inoperable osteosarcoma [3].

Three-drug regimens, such as methotrexate, doxorubicin,
and cisplatin, have been reported to show a better outcome
concerning the 5-year event-free survival or overall survival
than two-drug regimens in chemotherapy for osteosarcoma
[4]. However, kidney injury due to chemotherapy drugs is
reported to occur more frequently with cisplatin, ifosfamide,
and methotrexate than with doxorubicin [5].

Radiation-associated kidney injury was reported to be
caused by 10- to 20-Gray total body irradiation [6].
Compared with photons, carbon ions provide a higher linear
energy transfer and larger relative biological effectiveness
(RBE). Carbon ion radiotherapy (CIRT) is suitable for local
irradiation and is reported to be effective for unresectable os-
teosarcoma of the spine [7].

We herein report a case of chronic kidney injury associated
with carbon ion radiotherapy and chemotherapy for inopera-
ble osteosarcoma.
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Case Presentation

An 18-year-old man developed lumbago 2 years earlier and
was found to have a tumor mass at the L2 lumbar vertebra on
abdominal computed tomography (CT) (Fig. 1a). Although a
CT-guided biopsy did not lead to a definitive diagnosis, an
open biopsy of the vertebra led to a diagnosis of osteosarcoma.
The osteosarcoma was inoperable, so chemotherapy with
methotrexate, doxorubicin, and cisplatin was given six times.

His renal function remained within the normal range (se-
rum creatinine—0.73 mg/dL, creatinine clearance—
102.2 mL/min, urinary {3-microglobulin (3,mg)—
36 pg/L), and CIRT with 64 Grays (RBE) in 16 fractions
was performed for 4 weeks starting 3 months after the diag-
nosis. The carbon ion dose was expressed as the photon-
equivalent dose in Gray (RBE). The designated area and dose
volume histogram for CIRT are shown in Fig. 1b and c, re-
spectively. After CIRT, chemotherapy with methotrexate,
doxorubicin, cisplatin, and ifosfamide was initiated. His se-
rum creatinine and urinary (3,mg levels started to increase
during second-line chemotherapy, which was completed
11 months after the diagnosis. His serum creatinine and uri-
nary [3.mg levels continued to increase from the month after
the completion of second-line chemotherapy. His renal dys-
function progressed gradually over the next 9 months, and he
was admitted to our hospital for the evaluation of the renal
dysfunction (Fig. 2).

His height was 164 cm, and his body weight was 61 kg. His
body temperature was 36.5 °C, his pulse was 65/min, and his
blood pressure was 117/59 mmHg. There was no abnormality
under a physical examination. Urinary examinations were as
follows: occult blood, negative; protein, 0.42 g/gCr; N-
acetyl-B3-D-glucosaminidase, 16.6 U/L; and (3,mg,
23051 pg/L (Table 1). Pan-aminoaciduria was detected. A
laboratory test showed the following results: hemoglobin,
14.8 g/dL; platelets, 23.5 x 104/uL; blood urea nitrogen,
14.8 mg/dL; serum creatinine, 1.37 mg/dL; estimated
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«Fig. 1 a Abdominal computed tomography showed a tumor mass in the
L2 lumbar vertebra. b The area designated to receive carbon ion
radiotherapy. ¢ The dose volume histogram of carbon ion radiotherapy

glomerular filtration rate (eGFR), 60.0 mL/min/1.73 m?; uric
acid, 2.5 mg/dL; and inorganic phosphate, 2.5 mg/dL.
Immunoglobulin G (IgG), IgA, IgM, complement 3 (C3),
C4, and hemolytic complement 50 (CH50) were within nor-
mal ranges.

The kidney tissue that was obtained from the lower
pole of the left kidney showed global sclerosis in 7 of
43 glomeruli. Tubulointerstitial injury was observed in
40% of the total area. There were red globules in the
lumen or mesangial area on Masson trichrome staining
(Fig. 3). Expansion of the mesangial matrix and
mesangiolysis were noted on periodic acid-Schiff
(PAS) staining (Fig. 3). There were diffuse global dou-
ble contours of the glomerular basement membrane
(GBM) on periodic acid methenamine silver (PAM)
staining (Fig. 3). An immunofluorescence study showed
that the globules were positive for IgG, IgA, or IgM
(Fig. 4). An electron microscopic study showed edema-
tous change in the subendothelial part of the GBM and
mesangial interposition (Fig. 4). These findings were
compatible with thrombotic microangiopathy.
Immunohistochemistry results showed positive staining
for 8-hydroxy-2'-deoxyguanosine (8-OHdAG) in the glo-
meruli of the patient (Fig. 5). Although he was not
hypertensive, the angiotensin receptor blocker
candesartan was started at 2 mg per day for radiation
nephropathy, with the dose increased to 4 mg per day
due to progressive renal dysfunction. His estimated glo-
merular filtration rate is 47.5 mL/min/1.73 mz, and no
recurrence of osteosarcoma has been noted in the past

4 years.
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Fig. 2 The clinical course before admission
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Table 1 The laboratory data on

admission Urinary examination Blood chemistry
pH (4.5-7.5) 55 TP (g/dL, 6.6-8.1) 6.9
Protein (g/gCr) 0.42 Alb (g/dL, 4.1-5.1) 44
Occult blood ) BUN (mg/dL, 8-20) 14.8
Glucose (mg/dL) -) Cr (mg/dL, 0.46-0.79) 1.37
Bomg (ng/L, 5-253) 23051 eGFR (mL/min/1.73 m?) 60
NAG (U/L, 1.0-4.2) 16.6 UA (mg/dL, 2.6-5.5) 2.5
Na (mEq/L, 138-145) 141
Complete blood count K (mEq/L, 3.6-4.8) 34
WBC (/uL, 3300-8600) 5110 Cl (mEg/L, 101-108) 103
RBC (x 10%/uL, 386-492) 489 HCO; ™ (mmol/L) 27.6
Hb (g/dL, 11.6-14.8) 14.8 Ca (mg/dL, 8.8-10.1) 9.2
Plt (x 10%/L, 15.8-34.8) 235 1P (mg/dL, 2.7-4.6) 2.5
Mg (mg/dL, 1.8-2.4) 2.3
Serology 1gG (mg/dL, 861-1747) 1127
ANA <40 IgG4 (mg/dL, 4-108) 41
anti-SSA antibody (U/mL, 0-7.0) <0.5 IgA (mg/dL, 93-393) 142
anti-SSB antibody (U/mL, 0-7.0) <0.5 1gM (mg/dL, 50-269) 66
Anti-mitochondrial M2 antibody (U/mL, 0-7.0) 0.6

Bmg (2-microglobulin, NAG N-acetyl-3-D-glucosaminidase, WBC white blood cells, RBC red blood cells, Hb
hemoglobin, Pt platelets, ANA antinuclear antibody, 7P total protein, A/b albumin, BUN blood urea nitrogen, Cr
creatinine, eGFR estimated glomerular filtration rate, UA uric acid, Na sodium, K potassium, C/ chloride, HCO;

bicarbonate ion, Ca calcium, /P inorganic phosphates, Mg magnesium, /g immunoglobulin

Fig. 3 Expansion of the
mesangial matrix and
mesangiolysis was noted on
hematoxylin and eosin (HE) or
periodic acid-Schiff (PAS) stain-
ing. There were red globules in
the lumen or mesangial area on
Masson trichrome (MT) staining.
There were diffuse global double
contours of the glomerular base-
ment membrane on periodic acid
methenamine silver (PAM) stain-
ing. Scale bars, 50 pm

PAS PAM
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Fig. 4 There were globules that
were positive for IgG, IgA, or
IgM in the capillary lumen on an
immunofluorescence study. Scale
bars, 50 um. There were
edematous changes in the
subendothelial part of the
glomerular basement membrane
and mesangial interposition on an
electron microscopic study. Scale
bar, 2 um

Discussion and Conclusion

We experienced a case of inoperable osteosarcoma in the
L2 lumbar vertebra wherein the patient developed pro-
gressive kidney injury after treatment with a combination
of chemotherapy and CIRT. While there was no apparent
kidney injury during first-line chemotherapy or CIRT, his
kidney function became exacerbated after second-line
chemotherapy, and a kidney biopsy was performed
1.5 years after the completion of the combined therapy.
Surprisingly, the kidney pathology was compatible with
thrombotic microangiopathy due to late-onset endothelial
cell damage, which might imply indolent changes after
radiation therapy, as the expression of §-OHdG was ob-
served in the glomeruli.

There was also a possibility that second-line chemotherapy
caused the kidney injury in the present case. The cumulative
doses of ifosfamide, methotrexate, doxorubicin, and cisplatin
were 81 g/m?, 96 g/m?, 120 mg/m?, and 480 mg/m?, respec-
tively. The present case showed mild Fanconi syndrome with-
out hypomagnesemia, which might reflect nephrotoxicity due
to ifosfamide and/or cisplatin.

The etiology to the tubulointerstitial damage in the present
case might be related to drugs or CIRT. Since chemotherapy

IgG IgA

IgM

drugs have been reported to increase the kidney toxicity of
radiation [8], the first-line chemotherapy in the present case
might have increased the kidney toxicity following CIRT. The
serum creatinine and urinary (3,mg levels increased after
second-line chemotherapy in the present case, suggesting that
CIRT might potentiate toxicity of second-line chemotherapy
in a similar way.

Since the osteosarcoma originated at the L2 lumbar
vertebra in our patient, it might be difficult to prevent
any effects of CIRT on the kidneys for anatomical rea-
sons. However, CIRT was designed to reduce the off-
target effect to both kidneys by controlling the breathing
of the patient. The expected exposure to the lower pole of
the left kidney was around 20-30 Grays (RBE), since it
was planned to be 30-50% of 64 Grays (RBE), and the
dose volume histogram showed that around 20 Grays
(RBE) corresponded to 7.5-10% coverage of the left kid-
ney. Nevertheless, the renal pathology showed thrombotic
microangiopathy along with the formation of immune
complexes in the capillary lumen, suggesting the systemic
activation of the immune system by local irradiation,
since the expression of §-OHdG was observed in the glo-
meruli. We failed to detect thrombotic microangiopathy at
the upper pole of the kidney that had not been irradiated
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Fig. 5 Staining for 8-hydroxy-2'-deoxyguanosine (8-OHdG) was posi-
tive in the kidney of the patient but not in healthy kidney. Scale bars,
50 um

by CIRT because informed consent for such an assess-
ment was not obtained from the patient. However, a pre-
vious report in a zebrafish model described the systemic
effect rather than the direct effect of irradiation on the
kidney [9].

We experienced a case of osteosarcoma in which progres-
sive kidney injury developed after combination therapy of
chemotherapy and CIRT. CIRT can cause thrombotic micro-
angiopathy, similar to conventional radiation therapy. Careful
follow-up may be necessary when chemotherapy and CIRT
are combined.
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