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Abstract
BACKGROUND

Malignancy after transplantation is a leading cause of death in kidney transplant recipients. However,
donor-derived malignancies are rarely reported. We herein report a high grade papillary urothelial
carcinoma of the graft kidney, involving the graft ureter and native urinary bladder, invading one left
obturator lymph node, and sparing the two native kidneys and ureters.

CASE PRESENTATION

62-year-old female with history of kidney transplantation more than 30 years ago, who presented with
urinary tract infection, acute renal failure, and hydronephrosis of the transplant kidney.  Anterograde
nephrostogram showed a large �lling defect in the lower pole of the transplant kidney and a �lling defect
in the proximal 3-4 cm of ureter. Biopsy taken from the renal pelvic mass showed a high grade urothelial
carcinoma. She underwent hysterectomy, bilateral salpingo-oophorectomy, nephrectomy of native
kidneys and transplant kidney, cystectomy and bilateral pelvic lymph node dissections. Histology showed
a high grade papillary urothelial carcinoma of the graft kidney, involving the graft ureter, native urinary
bladder and one left obturator lymph node and sparing the two native kidneys and ureters. Short tandem
repeat (STR) analysis con�rmed the tumor was of donor origin. The next-generation sequencing identi�ed
ampli�cation of TERT and loss of CDKN2A/CDKN2B in the primary tumor.

CONCLUSION

While it is known that transplant recipients have an increased risk of urothelial carcinoma compared to
the general population, the lack of the well-documented risk factors, such as older age at transplantation,
BK polyomavirus infection, and prolonged post-transplantation history and dissemination of the tumor in
this case shed light on the de novo tumorigenesis of the graft kidney within the host microenvironment.
Ampli�cation of Telomerase reverse transcriptase (TERT) and loss of cyclin dependent kinase inhibitor
2A/2B (CDKN2A/CDKN2B) detected in the tumor by next gene sequencing suggests that they may play
an important role in this case.

Introduction
Kidney transplantation has been established as the treatment of choice for patients with end-stage renal
disease1, 2. With the advance of immunosuppressive regimens, transplant patients have a better quality
of life and signi�cant survival bene�t compared to those continuing on dialysis. However, transplant
patients have a higher risk of developing secondary malignancies post transplantation, owing to the
extended life expectancy and chronic immunosuppressive status3. Malignancy after transplantation has
become the third leading cause of death in renal transplant recipients4,5. Compared to the normal
population, post-transplant patients have a 7-fold increased risk of developing renal cell carcinoma (RCC)
in the native kidney and a signi�cantly worse prognosis. Risk factors include end-stage renal disease,
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longer time on dialysis, and older ages at transplant. These patients also have a 3-fold increased risk of
developing urothelial carcinoma (UC) in the native bladder, which is associated with BK polyomavirus.
However, donor-derived UC is rarely reported6, 7. We herein report a high grade papillary urothelial
carcinoma of the graft kidney, involving the graft ureter and native urinary bladder, invading one left
obturator lymph node, and sparing the two native kidneys and ureters.

Case Report
A 62-year-old female, who underwent living-related donor renal transplant in 1983. No rejection was seen
post-transplant, and the transplant kidney functioned well. In 2017, she presented with urinary tract
infection, and further examination revealed hydronephrosis and acute renal failure. She was treated with
Cefapime for a week and bladder cytology reported positive for malignant cells. Anterograde
nephrostogram showed a large �lling defect in the lower pole of the transplant kidney and a �lling defect
in the proximal 3–4 cm of ureter. One week later, she underwent an ureteroscopy, and multiple biopsies
were taken from the renal pelvic mass. Pathology reported high grade urothelial carcinoma. Later on, the
patient was found to have extensive bladder tumors; she underwent hysterectomy, bilateral salpingo-
oophorectomy, nephrectomy of native kidneys and transplant kidney, cystectomy and bilateral pelvic
lymph node dissections. Post operation follow-up, pelvic magnetic resonance imaging demonstrated a
large liver mass which was con�rmed by biopsy to be metastatic urothelial carcinoma. Immunotherapy
was initiated and the liver metastasis responded well to the immunotherapy with dramatic reduction in
size of liver mass. So far, the patient lives well with dialysis.

The Fig. 1A showed left native kidney, two native ureters, and one donor kidney connected to the native
urinary bladder via a donor ureter. Upon sectioning, a 4.5 x 2.5 x 1.5 cm well-circumscribed �esh-colored
mass was found in the renal pelvis of the graft kidney, a 1.2 x 1.4 x 2.5 cm �esh-colored mass found
encompassing the entire lumen of the proximal donor ureter, and over �fty tan small discrete polypoid
nodules, up to 1.5 cm in size, were found carpeting the wall of native bladder (Fig. 1B and 1C). Bilateral
native kidneys were small in size (5.0 x 3.5 x 1.5 cm and 6.0 x 4.0 x 2.0 cm, respectively), and showed a
thinned cortex, a poorly delineated corticomedullary junction, and a renal pelvis largely replaced by fatty
tissue. No mass was identi�ed in native kidneys or ureters. Histology demonstrated a high grade papillary
UC involving the graft kidney, graft ureter and the native bladder, with metastasis to one of thirteen
obturator lymph nodes, sparing two native kidneys and ureters (Fig. 2). The high grade papillary UC was
mostly con�ned in the pelvicalyceal system only with focal invasion into subepithelial connective tissue.
The non-invasive ureteral tumor highly resembled the morphological features of UC in the renal pelvis. In
the bladder, multifocal small polypoid lesions showed exophytic papillary UC, The native kidney showed
thyroidization with tubular casts, calcium oxalate deposition, global and segmental glomerular sclerosis,
and arteriosclerosis. Diffuse interstitial �brosis, tubular atrophy, and dense outer cortical mononuclear
in�ammationwere also present (not shown).

Since microsatellite instability (MSI) is commonly seen in upper urinary tract UC8, we performed
immunohistochemistry and found that MLH1, MLH2, PMS2 and MSH6 expression were retained in the
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UC of renal pelvis, donor ureter, and urinary bladder (not shown). BK polyomavirus has been shown as
risk factors in post-transplant UC. However, the donor and recipient kidneys were negative for BK viral
infection by SV40 IHC (Fig. 3). In order to determine the origin of the UC, STR analysis was performed on
extracted DNA from the uninvolved native uterus as the control for recipient and representative apparent
normal donor kidney as the control for donor. Of the 15 autosomal STRs, nine were informative. Review
of these informative loci in the DNA extracted from the donor kidney tumor, ureter tumor, and bladder
tumor indicated that 83%, 84%, and 80%,respectively, were of donor origin. These data would suggest that
the tumor had drop metastasized to the bladder through the donor ureter. DNA extracted from the lymph
node with evidence of metastasis showed only 8% donor origin, possibly suggestive of low tumor
cellularity in the lymph node sampled.

DNA extracted from the donor kidney tumor and the lymph node with evidence of metastasis were
submitted to mutation pro�ling of 147 genes, and the results are provided in Table 1. The donor kidney
tumor showed ampli�cation of TERT and loss of CDKN2A/CDKN2B, both of which are genomic
alterations found in approximately 7% and 25% of bladder cancers respectively
(https://www.cbioportal.org). This specimen also showed a missense variant (p.N596S) in MSH2 at a low
VAF (3.5%). This same variant was detected in the lymph node that had evidence of metastasis but at a
VAF of 37%. It also showed two other missense variants in MSH6 and FANCA with VAFs of 34% and 41%
respectively. Interpretation of these variants would suggest these are of uncertain signi�cance (VUS),
potentially of germline origin. Given the low donor contribution in this lymph node specimen from the
STR analyses (8%), it is further suggested that these are of recipient (native) germline origin. The low VAF
MSH2 detected in the donor kidney tumor con�rms the 7% recipient (native) contribution detected in this
specimen. Thus, for the lymph node, no apparent somatic alterations were detected, possibly due to the
overall low tumor cellularity of this specimen.

Table 1
Mutation Pro�ling by Next Generation Sequencing (NGS)

Specimen Gene Alteration VAF Coverage Signi�cance

Donor kidneytumor (50% estimated tumor cellularity, 83% donor)

  MSH2 c.1787A > G; p.N596S 3.5% 1576x Uncertain (germline)

  TERT Ampli�cation (18.8x)     Gain-of-function

  CDKN2A Loss (0.25x)     Loss-of-function

  CDKN2B Loss (0.23x)     Loss-of-function

Recipient lymph node with metastasis (50% estimated tumor cellularity, 8% donor)

  MSH2 c.1787A > G; p.N596S 37% 1552x Uncertain (germline)

  MSH6 c.116G > A; p.G39E 34% 193x Uncertain (germline)

  FANCA c.1772G > A; p.R591Q 41% 3055x Uncertain (germline)
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Discussion
Malignancy after transplantation is a leading cause of death in renal transplant recipients. Post-
transplant malignancies develop within three to �ve years post transplantation and the mean age of
disease onset is 40-years. Following renal transplant, kidney cancer almost exclusively occurs in native
kidneys with papillary RCC as the most common type9. However, donor-derived malignancies are rarely
reported 6, 7. Our case is a rare donor-derived UC in the graft kidney with a few very interesting facts.
Firstly, the patient received transplant in her 20s and developed a donor-derived UC 34 years later.
Secondly, she lacked the well-documented risk factors of secondary malignancy post-transplant, such as
older age at transplantation and BK virus infection10–13. Thirdly, her two native kidneys with end-stage
renal disease were spared from the tumorigenesis, although they bear a 100-fold and 4.4-fold increased
risk of developing RCC and UC compared to the general population3.

There are three possibilities regarding the UC origin. One possibility is that the tumor originated in the
native bladder, the most common site of post-transplant UC, and spread anterograde to the donor ureter
and graft kidney. Another possibility is that the primary tumor originated from the renal pelvis, given the
greatest size of the renal pelvic tumor, and drop metastasized to the donor ureter and native bladder. The
last possibility is concurrent UC of the renal pelvis and urinary bladder. The supporting evidence for the
last possibility stems from the fact that the tumors from those two sites are quite different in terms of
size and invasiveness. To answer these questions, we performed STR analysis, a molecular analysis of
16-STR widely used in medicine for establishing paternity and quality control in pathology. STR analysis
showed that the primary tumor originated from the donor renal pelvis and directly extended tothe donor
ureter and urinary bladder via drop metastasis.

Although the original tumor only showed focal invasion into submucosal tissue, the large metastatic foci
in the left obturator lymph node and the wide spreading to the graft ureter and native bladder
demonstrated the aggressive nature of the primary tumor, indicating the role of genetic factors.In
addition, the patient lacked obvious predisposing factors,suggesting that this case represents de novo
tumorigenesis in the transplant kidney. Although molecular analysis of the tumor showed a low VAF
MSH2 mutation, it was not detected at protein level by MSI IHC, suggesting that MSI may play a very
limited role in the tumorigenesis. In contrast, the ampli�cation of TERT and loss of CDKN2A/CDKN2B
detected in the tumor suggests that they may play an important role in this case.

Conclusion
While it is known that transplant recipients have an increased risk of urothelial carcinoma compared to
the general population, the lack of the well-documented risk factors, such as older age at transplantation,
BK polyomavirus infection, and prolonged post-transplantation history and dissemination of the tumor in
this case shed light on the de novo tumorigenesis of the graft kidney within the host microenvironment.
Ampli�cation of TERT and loss of CDKN2A/CDKN2B detected in the tumor by next gene sequencing
suggests that they may play an important role in this case.
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Figure 1

A, Gross photograph of the nephro-cystectomy specimen shows the bladder, donor (left) and native
kidneys (right); B, Donor kidney with a renal pelvic mass; C, Native bladder with many nodules
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Figure 2

H&E stain of the high-grade papillary UC of donor kidney (A&B), urinary bladder (C) and donor ureter (D).
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Figure 3

Negative stain of BK virus in donor-derived UC of renal pelvis (A), donor kidney (B), bladder tumor( C), and
recipient kidney (D).
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