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Introduction

Kidney transplantation (KT) is known as renal replacement 
therapy that is performed in patients with end-stage 
renal disease and results in better survival and quality of 
life than dialysis (1,2). However, the survival of kidney 
transplant recipients (KTRs) is significantly affected by 

rejection (3), due to which the Kidney Disease: Improving 
Global Outcomes (KDIGO) guideline has suggested 
long-term use of immunosuppressants (4). Nevertheless, 
immunosuppressant use may increase the incidence of 
different types of cancer resulting from the modulation 
of the immune system or an increase in the risk of viral 
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infection (5). In contrast to data from western countries, 
which reported that squamous cell carcinoma of skin is the 
cardinal malignancy after KT and account for 40% cases, 
previous studies from Wu et al. (6) have also demonstrated 
that urothelial carcinoma (UC) is the leading cause of 
malignancies in KTRs with an incidence which is 4.1% 
in Taiwan. The ratio between observed and expected case 
number was 398.4. Besides higher incidence of UC in 
KTRs , Chiang et al. (7) also found a different pattern with 
female predominance and higher incidence of upper tract 
involvement. The clinical course of UC in KTRs is usually 
aggressive (6) and may have poor overall survival (8).

In patients with newly diagnosed bladder cancer, 
concurrent chemoradiotherapy (CCRT) is recommended 
as an organ-preserving modality for those with muscle 
invasive bladder cancer or those who are not suitable for 
surgery (9). Radiotherapy (RT) alone is also indicated 
for those who are too old or too weak to receive surgery 
and chemotherapy (10,11). CCRT or RT alone has also 
been used as an adjuvant or salvage setting for patients 
with UC having a high risk for local failure or local-
regional recurrence after surgery. The clinical target 
volume (CTV) would include pelvic lymph nodes with/
without the entire bladder for bladder cancer (12) 
and also include the entire urinary tract and pelvic 
lymph nodes in case of upper urinary tract UC (13).  
Therefore, the transplanted kidney that is generally 
implanted in the pelvis would also be exposed to the 
radiation dose.

However, there is a lack of studies on the radiation 
dose distribution and its effects on allograft function in 
KTRs with UC. Moreover, it is also not clear whether 
the tolerance radiation dose of KTRs is similar to that of 
subjects with normal kidney. Therefore, this study was 
conducted to explore the impact of modern RT on these 
patients. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/tro-19-71) (14).

Method

Patient group, primary and secondary end point

We retrospectively searched for KTRs who had urinary tract 
UC and were followed up in our hospital from 1995/1/1 
to 2015/12/31. All patients who had received pelvic RT 
were identified and their charts and treatment plans were 

reviewed from the first day of RT until 2019/05/31. We 
collected all the information regarding underlying diseases, 
renal transplant causes, immunosuppressant agents, cancer 
treatment modalities, and laboratory data related to renal 
function (including urinary analysis, hemogram, and 
biochemical markers). All patients had been followed up 
by the transplantation specialist. The primary end point 
was radiation-related allograft failure, which was defined 
as an irreversible renal function decline that ended up in 
another renal replacement therapy if the patient received 
overdose radiation and had no other definite reason 
identified after complete workup. The secondary endpoint 
were local control and regional control. Local control was 
defined as no recurrent disease occurring in urinary tract 
within the radiation field. Regional control was defined as 
no relapsed regional lymph node metastasis during follow 
up. The graft survival, disease control and overall survival 
time was calculated from the first day of RT until the day of 
index event, such as graft failure, disease recurrent, patient 
mortality or censored by using Kaplan-Meier method. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013) and was approved by Chang 
Gung Medical Foundation Institutional Review Board 
(IRB): 201700191B0. The IRB approved the waiver of the 
informed consent form. A copy of the IRB certification is 
available for review by the Editor-in-Chief of this journal.

Radiation and chemotherapy

All patients were treated by CT-based planning, and 
3-dimensional RT or intensity-modulated radiation therapy 
(IMRT) was used. Since some of these patients had received 
more than one RT session, we summed up all treatment 
plans to evaluate the dose applied to the allograft in these 
patients. Target contouring, treatment planning, and dose 
computing were operated using EclipseTM Treatment 
Planning System, Ver. 8.6 and Ver. 13 (Varian Medical 
System, Palo Alto, CA, USA), sequentially. We used the 
tolerance dose suggested by the QUANTEC report for 
evaluation (15). The reason for graft failure was reviewed by 
the transplant specialist if the end point was identified. The 
transplant specialist also determined whether the radiation 
induced graft failure, especially for patients whose graft 
kidney received excess radiation dose.

Various chemotherapy protocols were applied, such as 
adjuvant therapy and concurrent chemotherapy, according 
to the patient’s risk factors and underlying comorbidities.

http://dx.doi.org/10.21037/tro-19-71
http://dx.doi.org/10.21037/tro-19-71


Therapeutic Radiology and Oncology, 2020 Page 3 of 9

© Therapeutic Radiology and Oncology. All rights reserved. Ther Radiol Oncol 2020;4:12 | http://dx.doi.org/10.21037/tro-19-71

Results

Patient characteristics and outcomes

During follow up period, there were 46 KTRs diagnosed 
with UC and received treatment in our hospital. After 
excluding patients who didn’t receive RT, a total of 10 
KTRs were included as study group (Figure 1). The study 
group comprised 5 males and 5 females with a median age 
of 63 years, who developed UC had received RT from 
2005 to 2016. The median follow-up time was 42.9 months 
(range: 15.3–165.2 months). Three patients had upper 
urinary tract UC, four had bladder UC, and the remaining 
three patients had synchronous UC in both the upper and 
lower urinary tracts. Six of these patients received RT as 
adjuvant therapy after surgery, and the remaining four 
received RT as a part of bladder preservation treatment. 
Six patients were treated with RT alone, and the others 
were treated with concurrent chemotherapy. All the 
concurrent chemotherapy was cisplatin-based regiment. 
One patient received weekly Cisplatin and the other three 
received Cisplatin/Fluorouracil/Leucovorin. Three of the 
ten patients received second irradiation, including two 
who received reirradiation for a 2nd primary UC and one 
patient who received treatment for parascrotal metastases. 
After treatment, there were two local failures, two regional 
failures, and six distant metastases. There were also six 
patients who had new primary UC, which was another 

UC occurred in contralateral side of urinary tract or in the 
same side but happened in another organ. The 5-year local 
control, regional control, distant metastasis-free, and overall 
survival rates were 90%, 80%, 60%, and 70%, respectively. 
Neither local control nor regional control resulted in graft 
failure. New primary UC was the only oncologic event 
resulting in graft failure.

The median graft survival period was 34.97 months 
after RT. Four KTRs developed graft failure, including 
two patients associated with tumor progression/recurrent, 
which results in obstructive uropathy and upper urinary 
tract infection. The third graft failure was due to recurrent 
pyelonephritis, and the final one was related to chronic 
allograft nephropathy. Table 1 summarizes the characteristics 
and outcomes of all study patients.

The mode of treatment included 50% of 3-dimensional 
conformal RT (3D-CRT) and 50% of IMRT. The mean 
dose applied to the allograft was 3.69 Gy (~0.52–8.6 
Gy, SD =2.43 Gy). Pre-radiation creatinine clearance 
ranged from 33.22 to 73.66 mL/min. Since we used 
the tolerance dose suggested in the QUANTEC report 
for evaluation, we observed that the renal allografts of 
two patients were exposed to a radiation dose exceeding 
QUANTEC’s suggestion. These two grafts had extremely 
low-dose irradiated volume and broke the V6Gy <30% 
constraint. Tables 2,3 show the details about RT such as 
the CTV, graft location, and dose volume results. Acute 
gastrointestinal (GI) complications were observed in 8 
patients, including 1 grade 2 diarrhea, 6 grade 1 diarrhea, 
and 1 grade 1 constipation. There were also seven patients 
with genitourinary (GU) toxicities, including 3 grade 2 
urine frequency, 1 grade 1 urine frequency, and 1 grade 1 
hematuria. Severe acute toxicities or late complications were 
not detected.

A case with graft failure and excess radiation dose

One of the patients whose graft received excessive radiation 
developed graft failure. This patient was a 64-year-old 
female who received KT in 1989. She had also been 
diagnosed with new-onset diabetes after transplantation 
(NODAT) before she developed UC. Bladder UC was 
diagnosed in 2009, and she received repeated TURBT. 
Hydronephrosis of graft kidney was observed during the 
follow-up, and thus, cancer recurrence in the bladder was 
noted in 2012. She received partial cystectomy with graft 
ureterectomy in 2012. The graft ureter was invaded and 

Figure 1 Flow diagram. 
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the stage was rpT3aN0M0. Postoperative adjuvant pelvic 
RT was administered due to positive resection margin. She 
received image-guided IMRT to the tumor bed and pelvic 
lymph nodes from March 15, 2013, to May 4, 2013. The 
mean dose applied to the graft kidney was 8.6 Gy. After 
the completion of RT, chemotherapy with fluorouracil, 
leucovorin, and cisplatin was administered every 2 months 
from May 2013 to April 2014. Meanwhile, she also received 
gemcitabine every 2 weeks. All mentioned chemotherapies 
were suspended in case severe hematological side effects or 
a decline in renal function was observed. The patient’s renal 
function declined progressively since September 2013. Renal 
echo suggested chronic pyelonephritis during the follow-up. 

Table 1 Patient characteristics and outcomes

N (%)

Age (median age, range) 63.50 (40–74)

Sex

Female 5 (50.0%)

Male 5 (50.0%)

Smoking

No 8 (80.0%)

Yes 2 (20.0%)

Hypertension

No 1 (10.0%)

Yes 9 (90.0%)

Diabetes mellitus

No 8 (80.0%)

Yes 2 (20.0%)

Cancer location

Upper urinary tract 3 (30.0%)

Bladder 4 (40.0%)

Both 3 (30.0%)

T

T1 1 (10.0%)

T2 4 (40.0%)

T3 3 (30.0%)

T4 2 (20.0%)

N

N0 9 (90.0%)

N1  0 (00.0%)

N2 1 (10.0%)

N3 0 (00.0%)

M

M0 9 (90.0%)

M1 1 (10.0%)

Treatment modality

RT alone 6 (60.0%)

CCRT 4 (40.0%)

Radiotherapy method

3D-CRT 5 (50.0%)

Table 1 (continued)

Table 1 (continued)

N (%)

IMRT 5 (50.0%)

Graft location

Outfield 3 (30.0%)

Infield 7 (70.0%)

Mean dose 3.69 (0.52–8.6)

Graft failure

No 6 (60.0%)

Yes 4 (40.0%)

Hydronephrosis

No 7 (70.0%)

Yes 3 (30.0%)

Chronic allograft nephropathy

No 8 (80.0%)

Yes 2 (20.0%)

Recurrent

No 3 (30.0%)

Yes 6 (60.0%)

Persistent 1 (10.0%)

Distant metastasis

No 4 (40.0%)

Yes 6 (60.0%)

Expire

No 7 (70.0%)

Yes 3 (30.0%)
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She was hospitalized due to recurrent urinary tract infection 
from April 2014 to August 2014, and she also developed 
renal failure in September 2014 for which she received 
hemodialysis since then. The KT specialist suggested that 

RT played a minor role in this patient’s allograft failure 
because the patient had already developed hydronephrosis 
before receiving RT, and the hydronephrosis didn’t improve 
after treatment even after percutaneous nephrostomy (PCN) 

Table 2 Radiotherapy information

No. RT method Target volume Graft in field/fail Dose (cGy/fx) Concurrent C/T C/T regimen Graft survival‡

1 3D-CRT Whole bladder No/Yes 6,000/30 Yes CDDP (70 mg/m2) 
+5-FU+LV

12.8

2 IMRT Right renal fossa, PA 
lymph nodes

Yes/No 5,040/28 No 41.2

3 IMRT Whole bladder Yes/No 5,000/25 No 165.2

4 IMRT Whole bladder, Whole 
pelvis

Yes/Yes 5,040/28 No 15.1

5 3D-CRT Whole bladder Yes/No 6,000/30 No 28.7

6 IMRT Whole bladder, whole 
pelvis

Yes/No 6,800/35¡± Yes Weekly CDDP  
(70 mg/m2)

44.7

7 3D-CRT Left renal pelvis, bilateral 
PA lymph nodes

No/No 4,400/22 Yes CDDP (80 mg/m2) 
+5-FU+LV

20.0

8 3D-CRT Left renal pelvis, iliac bone 
metastasis

Yes/No 5,000/25 No 114.5

9 3D-CRT Whole bladder No/Yes 6,000/30 No 51.4

10 IMRT Whole bladder, pelvic 
lymph nodes

Yes/Yes 6,300/35 Yes CDDP (80 mg/m2) 
+5-FU+LV

17.9

§pelvic lymph nodes 5,040 cGy/28 fx, then reduced field to whole bladder to 6,300 cGy/35fx with residual tumor boost to 6,800 cGy. ‡graft 
survival (months): graft survival from last day of RT to graft failure day or the day case censored. PA, paraaortic; CDDP, Cisplatin; 5-FU, 
fluorouracil; LV, leucovorin.

Table 3 Radiation dose applied to the kidney graft

No. Mean dose (Gy)† V28 (%)† V23 (%)† V20 (%)† V12 (%)† V6 (%)†

1 1.37 0 0 0 0 0

2 5.51 4.54 6.07 7.28 12.38 23.25

3 2.64 0 0 0.14 3.84 19.29

4 1.8 0.54 1.33 2.09 4.13 6.6

5 5.33 0.46 3.02 5.21 11.57 25.15

6 4.98 0 0 0 0 40

7 0.52 0 0 0 0 0

8 3.79 0 0 0 0 0

9 2.43 0 0 0 0 0

10 8.60 6.91 8.96 11.45 23.35 42.89
†Suggested dose constraint by QUANTAC: mean dose <18 Gy, V28 <20%, V23 <30%, V20 <32%, V12 <55%, V6 <30% (remaining 
kidney).
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Figure 2 Follow up study for patient 10. (A) Image study in 4 months after complete RT, which showed graft kidney hydronephrosis. (B) 
PCN revision in 12 months after RT. The hydronephrosis was persisted even after PCN. (C) Suspicious UVJ lesion just after complete RT. (D) 
UVJ lesion in 4 months after RT. (E) Progressive change of the UVJ lesion in 12 months after RT. Arrowhead: Suspicious UVJ lesion. UVJ, 
ureterovesical junction; RT, radiotherapy; PCN, percutaneous nephrostomy.

during follow up (Figure 2A,B). We also found that there 
was a suspicious residual lesion near ureterovesical junction 
(UVJ) been found in the first image study after RT (Figure 
2C), and the lesion regressed after adjuvant chemotherapy 
(Figure 2D) but it became more prominent during follow 
up (Figure 2E). The persistent hydronephrosis may result 
from the UVJ lesion. In addition, she developed recurrent 
urinary tract infection that required parenteral antibiotics 
and was admitted for 2 months just before the graft failure. 
In conclusion, it was more likely that patient’s graft function 
progressively declined because of recurrent lesion and the 
acute infection deteriorated the process. However, we could 
not find any tissue proof of this patient retrospectively.

Discussion

Based on our study results, there were no radiation-related 
graft failures. The dose-volume histogram analysis revealed 
that most of the patients (8 of 10) were within the constraint 

suggested by the QUANTAC report and no patient had 
graft failure caused by radiation after reviewing by the KT 
specialist. Patients violated the QUANTAC constraint 
because the graft received excess low-dose irradiation 
(V6 >30%). One of them had graft failure, but it was not 
radiation-related. In addition, the other three graft failures 
received only little radiation dose (mean dose =1.87 Gy). 
Moreover, these patients did not develop severe acute or 
late toxicity when we strictly reduced the radiation dose 
to the kidney. Neither the GI nor the GU tract developed 
complications greater than grade 3. Therefore, we 
concluded that the current technique, 3D-CRT and IMRT, 
for RT can have a good dose-sparing effect for the kidney 
graft without increasing treatment toxicities and can be used 
as a safe treatment modality for KTRs with UC.

According to the Scientific Registry of Transplant 
Recipients (SRTR) & Organ Procurement and Transplant 
Network (OPTN) 2017 annual report, the rate of 
graft failures has been increasing continuously and is 
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approximately half of what it was 10 years ago (16). The 
acute graft failure rate was 4.3% in the report; however, 
the graft failure rate still increased with time from 
approximately 20% in 3 years to 30% in 5 years after 
transplantation (17). This so-called late graft failure would 
make patients return to dialysis, which is presumed to 
increase mortality (18). In this case series, the graft failure 
rate was 40%, and the median graft survival period was 
8.9 years after transplantation. This result was comparable 
to previous data reported from European and American 
patients, wherein the 10-year graft survival rate was 56% 
for European and 45.7% for American patients (19).

Radiation can also affect renal function because it 
results in radiation nephropathy. The definite pathogenesis 
remains unclear till date, and the current explanation is that 
radiation would injure the glomerular endothelium and 
the tubular epithelium and cause interstitial scarring (20). 
Clinical symptoms appear months or years after RT, which 
include proteinuria, anemia, elevated serum creatinine, 
urine casts, and hypertension. Dawson et al. (15) suggested 
that tolerance to RT reduced in patients with one kidney 
whose condition is just similar to that of our study group, i.e., 
the KTRs.

However, there is no literature discussing radiation 
toxicity in patients with UC with KT. A previous research 
on prostate cancer conducted by Mouzin et al. (21) 
reviewed the effect of 3D-CRT and reported that external 
beam RT with a dose of up to 70 Gy in 2 Gy per fraction 
applied to prostate cancer could achieve adequate cancer 
control at the expense of infraclinical ureteral obstruction. 
The graft function was not directly affected by radiation 
because the CTV covered only the prostate without pelvic 
irradiation and the graft kidney was away from treatment 
field. However, the CTV in our study was larger than that 
reported in these studies, which included the prostate plus 
a 10-mm margin in the report from Mouzin et al. (21). 
In addition, the CTV covered the upper pelvic cavity or 
the lower abdominal region, where the graft kidney was 
located, thus the graft might receive considerable radiation 
dose. Pelvic irradiation in KTRs has been discussed in 
a retrospective study (22) and two case reports (23,24). 
Although the results suggested that it is feasible to 
administer pelvic irradiation to KTRs by 3D-CRT (22) or 
IMRT (23,24), the patients in the historical study were those 
with cervical cancer, prostate cancer, anal cancer. They 
were different from patients with UC. UC can directly 
cause urinary/renal function impairment by developing 

obstruction or secondary urinary traction or pyelonephritis. 
This implies that the renal function of KTRs is more fragile 
once they develop UC. In the current study, the mean dose 
applied to the graft kidney was 3.69 Gy, which is much 
lower than that suggested by QUANTEC, i.e., a mean 
dose of <18 Gy, using 3D-CRT or IMRT. Moreover, no 
radiation-induced graft failures were identified. Based on 
these results, we suggest that it is feasible to treat UC in 
KTRs using the current RT technique and following the 
QUANTEC constraints.

On the other hand, the major cause of graft failure in 
our series was cancer-related complications, which included 
direct invasion by recurrent tumor and severe infection after 
the development of new primary UC in the renal pelvis. 
According to Chiang et al. (7) and Wu et al. (6), UC in 
KTRs has a more aggressive presentation and more upper 
urinary tract invasion and tend to have multiple foci. These 
features may contribute to a higher risk of direct invasion of 
graft or obstructive uropathy, which could result in worse 
graft function. This situation was also found in the current 
study. Half of the patients were diagnosed with multiple 
involvement, and 60% of them developed metachronous 
tumors during the follow-up. The 5-year local control and 
regional control rates were 90% and 80%, respectively. It 
is difficult to compare our results with published data from 
the non-KTR group because of the small case number 
and the different patient comorbidities. However, we can 
still suggest that RT is an effective treatment based on 
the current results. Although the treatment is effective, 
oncologic events are still the primary reason for graft failure 
in these patients. This should be a consequence of the 
nature of the disease, multiple metachronous tumors, which 
may result from field cancerization. There were >50% of 
patients in the study group with new primary UC. A regular 
follow-up with a cystoscope, CT, MRI, and urine cytology 
is highly suggested.

There are two major limitations in our study. The 
first one is the retrospective study design and the small 
case number. Moreover, we focused on patients who had 
received RT as adjuvant therapy. This may be due to the 
fact that the study group is rare, which could cause some 
selection bias. Second, only one patient with graft failure 
underwent biopsy before graft failure, which was because 
there were definite reasons that could be confirmed without 
biopsy. However, it was impossible to define whether there 
was post-RT change without pathological examination and 
the explanation was based on clinical evidence only.
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Conclusions

This study included 10 patients who had post-KT UC and 
received RT since 2005. The median graft survival was 
comparable to previous data, but the leading cause of graft 
failure was cancer-related, which is unlike that in normal 
population and may result from the vicious presentation 
of UC in KTRs. No radiation-induced graft failure was 
found. This result suggests that using IMRT or 3D-CRT 
for treating these patients could have a good organ-sparing 
effect and that RT was relatively safe for these patients 
when the radiation dose applied to the graft followed the 
constraints of the QUANTEC report. Therefore, there is 
no need to omit RT for KTRs with UC.
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