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Abstract. It is challenging to treat renal pelvic cancer in a solitary functioning kidney
and severe kidney dysfunction while preserving renal function. A 78-year-old man with
renal pelvic cancer and G4 chronic kidney disease was treated with high-dose adaptive
radiotherapy using helical tomotherapy with a total dose of 74 Gy in 37 fractions.
His serum creatinine level before radiotherapy was 190.1 umol/L, which temporarily
increased to 442. 1 umol/L at 9 months after radiotherapy, but gradually decreased to
181.3 ymol/L 2 years later with medical treatment. Follow-up MRI showed complete
tumor regression 5.5 years after radiotherapy, and dialysis was avoided. High-dose
adaptive radiotherapy may be a viable option for a solitary functioning kidney and
severe renal dysfunction complicated by renal pelvic cancer.
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IOkixipo Xama, Enyko Tate

DyHKIiOHAIbHO-30€epiraoua BUCOK0/I030Ba a1aNITHBHA NPOMEHEBA Teparis
PaKy HUPKOBOI MUCKH Y NAI[IEHTA 3 XPOHIYHOIO XBOPOOOIO €AMHOL
(yHKIiOHY10901 HUPKM: KJIIHIYHMIA BUNIAI0K
Bipginenns pamianitiHoi oHkoJorii, MennaHuii ueHTp Enorasa, Tokio, SmoHist

Pestome. Adanmuesna npomenesa mepanis paky HUpKOE0OI MUCKU MAE CYMMEBE 0OMENCEHHS Y NAUIEHMIB 3 HUPKO-
6010 Hedocmammuicmio. Lleil KaiHiuHUl 6UNAOOK OeMOHCMPYE YCRIiUHe NIKYBAHHS 78-piuHO20 40A08IKA i3 pAKOM HUPKOBOI
MUCKU ma XpoHIYHOW X60po0oro Hupok 1V cmadii, axuii ompumyeas 6ucoko00308y a0anmugHy npomeHesy mepaniro iz
3acmMoCcy8aHHAM CRipanrbHOi momomepanii i3 3aeanvHoro 003010 74 Ip 3a 37 ¢ppakuyiii. Pieenv kpeamuniny cuposamku 0o
npomeneeoi mepanii cmanosue 190, 1 mkmonv/n, AKuii mum4acoso niosuusuecs 0o 442, 1 mkmons/n uepes 9 micayie nicas
npomenesoi mepanii, are nocmynogo 3uusuecs 00 181,3 mkmonas/a uepes 2 poxu nicas npomenegoi mepanii 6e3 AiKy8auHs
eemodianizom. Konmpoavna MPT nokaszanra noswy peepeciro nyxaunu 4epe3 35,5 pokie nicas hpomeHesoi mepanii, a dia-
2i3y 80anoca yHukHymu. AdanmueHa npomeHesa mepanis y 6UCOKUX 003aX Moce OYmu ICUMmeE30amHUM 8apiaHmom
045 nayicHmie 3 paKom HUPK08oi MUcku e0UHOi QQYHKUIOHYIOUOT HUPKU MA HUPKOBOI HEOOCMAMHICMIO.

KnwouoBi cioBa: nosoymeopenus Hupok, XpoHiuHa X60poba HUPOK, UCOK0O0308a NPOMeHe8d mepanis, nepe-

XiOHO-KAIMUHHUIL paK.

Introduction. Most people live normal lives with
only one kidney, either due to congenital agenesis or
secondary causes such as injury, resection, or dysfunc-
tional disease [1]. However, if the only remaining kid-
ney is affected by cancer, surgical resection may cure
the cancer, but dialysis or kidney transplantation will be
required [2]. In general, radiotherapy for renal pelvic
cancer is given at a total dose of 35 to 55 Gy in standard
fractionated doses of 1.8 to 2.0 Gy per fraction over 4 to
6 weeks [3]. Here we report a case of successful high-
dose adaptive radiotherapy with helical tomotherapy
for renal pelvic cancer in a solitary functioning kidney
with severe renal dysfunction.

Case Report. A 78-year-old man presented with
macroscopic hematuria. Ultrasonography showed left-
sided hydronephrosis and a renal pelvic tumor in the
left renal pelvis. The right kidney was atrophied and not
functioning. After a biopsy of the left renal pelvic tu-
mor, he was diagnosed with moderately differentiated
urothelial carcinoma of the renal pelvis and a double J
ureteral stent was placed to relieve the hydronephrosis
(Fig. la and 1b).

His kidney function was severely impaired and sur-
gery was not indicated, so he was referred to our depart-
ment for radiotherapy. On admission, he was diagnosed
with G4 chronic kidney disease with a serum creatinine
level of 2.15 mg/dl and an estimated glomerular filtra-
tion rate (¢GFR) of 24.0 mL/min/m?2 (Table 1).

Yukihiro Hama
yjhama2005@yahoo.co.jp

Contrast-enhanced CT in the excretory phase
showed contrast excretion in the left kidney (Fig. 1c).
However, the right kidney was atrophic with little or no
contrast excretion, indicating that the kidney was not
functioning. Since the stent was placed prior to refer-
ral, his hydronephrosis had resolved. MRI revealed a
heterogeneous isointensity mass on T2-weighted and
short tau inversion recovery (STIR) images (Fig. 1d).
The tumor in the left renal pelvis showed a high sig-
nal on diffusion-weighted imaging (DWI) (Fig. le) and
low signal on apparent diffusion coefficient (ADC) map
(Fig. 1f) without direct invasion into the renal paren-
chyma. An arteriovenous fistula was surgically created
in the left arm to provide long-term vascular access for
hemodialysis, but blood flow through the arteriovenous
shunt was insufficient for dialysis at the time of referral.
High-dose adaptive radiotherapy with helical tomo-
therapy was used to control the tumor while avoiding
immediate hemodialysis.

The patient underwent CT and MRI simulation,
and fusion images of non-contrast CT and STIR im-
ages were generated using Monaco 5.0 treatment plan-
ning software (Elekta AB, Stockholm, Sweden). Gross
tumor volume (GTV) was defined on STIR images, and
planning target volume (PTV) was defined as 0.5-1 mm
margin expansion from GTV. The prescribed dose to the
D95% of the PTV (the dose covering 95% of the PTV)
was 74 Gy in 37 fractions over 7.5 weeks (Fig. 2a-c).
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Fig. 1. A 78-year-old man with renal pelvic cancer and severe kidney dysfunction of a solitary functioning kidney. (a) The J
stent is visible in the left renal pelvis on non-contrast CT (arrow); (b) The J stent is surrounded by a tumor in the left renal
pelvis (arrow); (c) Contrast-enhanced CT in the excretory phase showed contrast excretion (small arrow) in the left kidney.
Perinephric inflammation or edema is noted (large arrow), suggesting post-renal pyelonephritis. the right kidney was atrophic
with little or no contrast excretion, indicating that the kidney was not functioning (arrowhead); (d) Transverse short tau inversion
recovery image shows a mass with heterogeneous isointense signal in the left renal pelvis (arrow); (e) The tumor showed high
signal on diffusion-weighted imaging (arrow); (f) Apparent diffusion coefficient map generated from diffusion-weighted
imaging showed a heterogeneous hypointense mass (arrow); (g) Transverse short tau inversion recovery image shows complete
disappearance of the tumor in the left renal pelvis (arrow) 5.5 years after radiotherapy; (h) There was no hyperintense lesion in
the left renal pelvis on diffusion-weighted imaging (arrow) 5.5 years after radiotherapy.

Table 1
Peripheral blood laboratory parameters before radiotherapy, at 9 months after radiotherapy,
and at 2 years after radiotherapy

Unit Before radiotherapy rg (;::) (::.hgt:;y rgd):)st‘hztl:?;y
White blood cell x10"12/L 6.5 5.6 5.1
Red blood cell x10"12/L 3.34 3.76 3.58
Hemoglobin g/L 102 117 111
Platelet x10"9/L 287 202 208
Blood urea nitrogen mg/dl (mmol/L) 54 (19.3) 99 (35.4) 44 (15.7)
Creatinine mg/dl (mmol/L) 2.15(190.1) 5.00 (442.1) 2.05 (181.3)
Calcium mg/dl (mmol/L) 9.0 (2.25) 8.4 (2.10) 8.3(2.07)
Phosphate mg/dl (mmol/L) 3.7 (1.19) 5.3 (1.71) 2.5(0.81)
C-reactive protein mg/dl 2.61 1.17 1.12

Fig. 2. Radiotherapy isodose line distribution. Isodose lines are displayed on (a) transverse, (b) coronal, and (c) sagittal CT
imaging. Isodose lines with corresponding actual radiation doses were given over 37 fractions.
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The treatment plan was carried out using intensity-
modulated radiation therapy (TomoTherapy, Accuray,
Madison, WI, USA), and the maximum dose within
PTV was not constrained. We tried to keep his Dlcc
of the small bowel and colon to less than 56 Gy and the
average dose to the left kidney to less than 10 Gy. To
reduce the dose to the left kidney, adaptive radiothera-
py planning was performed in the same manner as the
initial planning when 46 Gy and 66 Gy were delivered.
Radiotherapy was administered as planned and there
were no adverse events. At the end of all radiotherapy
sessions, the average renal dose was 10 Gy, with 27%
of the left kidney volume receiving 16 Gy. His serum
creatinine level temporarily increased to 5.00 mg/dl 9
months after radiotherapy, but gradually decreased to
2.05 mg/dl 2 years after radiotherapy (see Table 1) with
antihypertensive medication and diuretics, and did not
require dialysis. Follow-up MRI showed complete tu-
mor regression (Fig. 1g and h) 5.5 years after radiother-
apy, and dialysis was avoided.

Discussion. As far as we know, there is no positive
result of primary radiotherapy without surgical resec-
tion or chemotherapy. Adjuvant radiotherapy alone or
as an adjunct to chemotherapy may improve outcomes
in high-risk patients, while primary radiotherapy may
be an option in inoperable patients [3]. However, the
role of definitive radiotherapy has yet to be deter-
mined. It is generally difficult to treat renal pelvic can-
cer in a solitary functioning kidney while preserving
renal function. Furthermore, it becomes even more
difficult in cases of severe renal dysfunction. In this
case of a solitary functioning kidney, we successfully
avoided dialysis with high-dose adaptive radiotherapy
for renal pelvic cancer complicated by stage 4 (G4)
chronic kidney disease [2]. It has been recommended
that a mean kidney dose of less than 10 Gy is consid-
ered optimal for renal preservation during radiother-
apy, and the volume of the kidney receiving 16 Gy
should be kept below 35% to minimize nephrotoxicity
[4]. In this case, the average kidney dose was limited
to 10 Gy, and the volume of the left kidney receiv-
ing 16 Gy was 27%, within the ideal dose constraint
[4]. The reason for the transient decline in renal func-
tion 9 months after radiotherapy is thought to be due
to radiation-induced kidney damage [5]. In the case
of a solitary functioning kidney with stage 4 chronic
kidney disease, radiation-induced kidney damage may
still occur even when dose constraints are followed, so
care should be taken to minimize radiation-induced
kidney damage.

This case report has several strengths. First, this is
the first demonstration that high-dose adaptive radio-
therapy can preserve renal function and avoid dialysis
even in a solitary functioning kidney complicated by
severe renal dysfunction. If renal pelvic cancer can be

cured while preserving kidney function, even if the can-
cer is in a solitary functioning kidney, it may not only
improve the patient’s quality of life but also prolong
survival. It has been reported that the typical median
survival rate for advanced kidney disease patients on di-
alysis was 6 to 22 months [6]. Second, the use of adap-
tive radiotherapy techniques can reduce PTV during the
course of radiotherapy [7], ultimately reducing the dose
to the renal parenchyma and minimizing radiation-in-
duced kidney damage.

There are several limitations to this case report.
First, the treatment period is as long as 7.5 weeks.
The long treatment time allowed the tumor to shrink
throughout treatment, which in turn allowed for the
effective implementation of adaptive radiotherapy.
Second, a single case report cannot be generalized to
other cases of patients with solitary-functioning kid-
neys complicated by cancer. Given the rarity of pa-
tients with solitary functioning kidney in a state of
severely impaired renal function who develop malig-
nancies, it is currently difficult to establish a gener-
alized treatment for patients with similar conditions.
Further research will ensure the feasibility and effica-
cy of high-dose adaptive radiotherapy for renal pelvic
cancer in a solitary functioning kidney complicated by
severe renal dysfunction.

Conclusions. In conclusion, a single case report
cannot be generalized to others without further scien-
tific verification, but high-dose adaptive radiotherapy
may be an alternative treatment for the solitary func-
tioning kidney with severe renal failure complicated by
malignancy.
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