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Purpose: The incidence of anal cancer in patients with kidney transplants has
increased. The definitive treatment for anal cancer is chemotherapy and intensity-
modulated radiation therapy. In kidney transplant recipients, sparing the pelvic kidney in
the process of delivering radiation to the anus can be challenging. Intensity-modulated
proton therapy (IMPT) has been proposed as an alternative to intensity-modulated
radiation therapy for the treatment of anal cancer in this population, given its increased
ability to spare organs-at-risk.

Case Series: We present 4 cases of patients with transplanted pelvic kidneys who
subsequently developed anal cancer and were treated with IMPT from 2017 to 2019.
Conclusion: Use of IMPT appears to be an acceptable option for the treatment of anal
cancer in patients with a pelvic kidney.
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transplant; pelvic kidney

Introduction

In 2018, there were 36 527 organ transplants performed in the United States, an annual
record for the sixth straight year [1]. Of those, 21 167 (58%, .58 = 21,167/36,527) were
kidney transplants [2]. Not only are more transplantations being performed, but as
immunosuppressive therapy has improved, recipients of kidney transplants are living
longer [3—6].

Chronic immunosuppression confers an increased risk of malignancy, and there is a
well-established relationship between organ transplants and de novo cancer develop-
ment [3, 5-17]. It has been estimated that, for all patients with solid organ transplants, the
risk of developing cancer is increased 2-fold to 4-fold above that of the general population
[3]. Recipients of kidney transplants are no different, with multiple publications discussing
the greater frequency of cancer in this population.* Patients with kidney transplants are at
higher risk of developing multiple human papillomavirus—mediated and non—human
papillomavirus—mediated squamous cell carcinomas. The presence of a transplanted
pelvic kidney can be a therapeutic challenge in patients who require pelvic radiation as
management. In that scenario, the dose required to the region at risk must be balanced
against the potential risk of kidney injury, which may result in dialysis or necessitate a
second transplant.

*References 3-9, 11, 13, 14, 16, 17.

http://theijpt.org
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Table 1. Summary of demographics, treatment characteristics, and pelvic kidney dosimetry.

Patient Age,y Stage Chemotherapy Radiation dose, Gy Radiation fraction Kidney mean, Gy Kidney V6, % Kidney V20, %
1 63 IIB T3N2MO  5-FU/mitomycin 54 30 3.6 18.26 5.79

3 60 1IB T3NOMO  5-FU/mitomycin 54 30 .58 2.47 0

Abbreviation: 5-FU, 5-flourouracil.

In this case series, we review 4 patients with squamous cell carcinoma of the anal canal and kidney transplant who were
treated with intensity-modulated proton therapy (IMPT) as part of definitive chemoradiation.

Case Series

All patients with anal cancer treated from 2017 to 2019 by the Department of Radiation Oncology at the University of Cincinnati
(Cincinnati, Ohio) were retrospectively reviewed. We identified 4 patients treated with IMPT in the setting of a transplanted
pelvic kidney. All patients were treated with definitive intent with standard 5-flourouracil (5-FU)/mitomycin—-based
chemoradiation. The radiation dose and fractionation were delivered through a simultaneous integrated boost technique in 28
to 30 fractions, per the Radiation Therapy Oncology Group (RTOG) 0529 schema [18]. The IMPT technique has been
previously described [19]. The approach used a 3-field multifield-optimized split-target technique. A posterior field was used to
cover the primary tumor, the mesorectum, internal iliac lymph nodes, and posterior external iliac lymph targets. Right and left
anterior oblique fields were used to cover the right and left inguinal lymph nodes and the anterior, external iliac lymph node
station. The summary demographic and treatment characteristics are outlined in Tables 1 and 2.

Case 1

A 63-year-old, white woman with a history of end-stage renal disease (ESRD), secondary to hypertensive nephropathy, with a
pelvic kidney transplant 20 years before diagnosis, presented with stage IlIB T3N2MO0 squamous cell carcinoma of the anal
canal. A positron emission tomography—computed tomography (PET-CT) scan showed a hypermetabolic primary tumor at the
anus and the anorectal junction, measuring 5.3 cm with 1 positive left inguinal lymph node, without evidence of metastasis.
The patient was treated with 5-FU/mitomycin—-based chemoradiation with IMPT (Figure 1). The primary tumor was treated with
54 Gy in 30 fractions, and the elective nodal regions received 45 Gy in 30 fractions. The mean transplanted kidney dose was
3.6 Gy, with a maximum dose of 40.7 Gy. The kidney V6 was 18.26%, and the V20 was 5.79%. Pretreatment and
posttreatment creatinine levels were 0.67 and 0.56 mg/dL (to convert to micromoles per liter, multiply by 88.4), respectively. A
PET-CT in January 2018 showed no residual disease.

Table 2. Summary of clinical status and kidney function before and after treatment.

Pretreatment Posttreatment Posttreatment

creatinine, creatinine, creatinine,
Patient no. PET-CT, mo?® PET-CT: clinical status mg/dLP mg/dLP mo?
1 3 No residual disease 0.67 0.56 17

8 N/A 3-mo follow-up pending 1.69 1.18 0

Abbreviations: PET-CT, positron emission tomography—computed tomography; N/A, not available.

#Months after treatment completion.

To convert to micromoles per liter, multiply by 88.4.

°Baseline listed. Pretreatment creatinine range (6 months): 2.13 to 4.28 mg/dL.”

9Baseline listed. Posttreatment creatinine range 2.76 to 5.3 mg/dL.” Most recent creatinine level, 2.76 mg/dL.
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Figure 1. Intensity-modulated
proton therapy plan for patient
1.

Case 2

A 62-year-old woman with a history of ESRD, secondary to lupus nephritis, with pelvic kidney transplant 27 years before
diagnosis presented with stage Il T2NOMO squamous cell carcinoma of the anal canal. Of note, the patient had a previous bout
of squamous cell carcinoma of the anus in situ that was excised in 2006. The magnetic resonance and PET imaging revealed
a 3.5-cm, hypermetabolic mass extending beyond the anal verge, with involvement of the external sphincter. She was
previously seen at another institution and underwent radiation treatment planning; however, her kidney dose was not
acceptable, and she was referred for proton therapy. The patient was treated with 5-FU/mitomycin—based chemoradiation
using IMPT (Figure 2). The patient was treated in 30 fractions, with the primary tumor receiving 54 Gy, and the elective nodal
regions receiving 45 Gy. The mean transplanted kidney dose was 0.95 Gy, with a maximum dose of 22 Gy. The kidney V6 was
4.16%, and the V20 was 0.02%. Pretreatment and posttreatment creatinine levels were 2.16 and 2.27 mg/dL (to convert to
micromoles per liter, multiply by 88.4), respectively. A PET scan in January 2019 showed decreased uptake in the anorectal
primary site, consistent with an excellent treatment response.

Case 3

A 60-year-old, white woman with a kidney transplant 20 years before diagnosis presented with stage 11B T3NOMO squamous
cell carcinoma of the anal canal. The patient was treated with 5-FU/mitomycin—based chemoradiation using IMPT (Figure 3).
The primary tumor was treated to 54 Gy in 30 fractions. The mean transplanted kidney dose was 0.58 Gy, with a maximum
dose of 19.5 Gy. The kidney V6 was 2.47%, and the V20 was 0%. Pretreatment and posttreatment creatinine levels were 1.69
and 1.18 mg/dL (to convert to micromoles per liter, multiply by 88.4), respectively. Despite having a break in treatment because
of neutropenic fever, the patient was able to complete all therapy. The 3-month follow-up is pending.

Case 4

A 60-year-old, white woman with a history of ESRD, secondary to vesicoureteral reflux and glomerulonephritis, with 2 kidney
transplants (initial transplant failed, secondary to rejection) 33 and 23 years before diagnosis, presented with stage [l T3SNOMO
squamous cell carcinoma of the anal canal. After a multidisciplinary discussion, the patient was treated with IMPT alone

because of her multiple comorbidities (Figure 4). The primary tumor received 50.4 Gy in 28 fractions. The mean transplanted
kidney dose was 0.19 Gy, with a maximum dose of 10 Gy. The kidney V6 was 0.22%, and the V20 was 0%. The patient’s

Buchberger et al. (2019), Int J Particle Ther
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Figure 2. Intensity-modulated
proton therapy plan for patient
2.

Figure 3. Intensity-modulated
proton therapy plan for patient
3.
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Figure 4. Intensity-modulated
proton therapy plan for patient
4.

creatinine level fluctuated, secondary to her multiple metabolic and cardiac comorbidities. Her posttreatment creatinine
baseline (3—4.5 mg/dL [to convert to micromoles per liter, multiply by 88.4]) remained unchanged from her pretreatment level.
The PET scans in January 2018 and January 2019 revealed no evidence of local recurrent or distant metastatic disease,
consistent with a highly favorable outcome.

Discussion

In this case series, we describe the use of pencil-beam IMPT in the treatment of anal carcinoma in 4 patients with transplanted
pelvic kidneys who presented to our institution. A literature review did not reveal any studies documenting the use of proton
therapy to treat anal cancer in patients with transplanted pelvic kidneys. To our knowledge, this is the first description of this
therapeutic approach.

In the United States, there were 8580 new diagnoses of anal cancer in 2018 [20]. An increased incidence of anal cancer in
patients with kidney transplants has been reported in multiple studies.” The risk is often reported as a standard incidence ratio,
which is the incidence in transplant recipients compared with age-matched controls [17]. In the literature, reported standard
incidence ratios for anal cancer in patients with kidney transplants for a variety of populations range from 2 to 10 [5, 10, 11, 14,
16], with one 2007 meta-analysis reporting a standard incidence ratio of 4.85 [14].

The modern standard of care for anal carcinoma generally follows RTOG 0529 guidelines and consists of 5-FU/mitomycin C—
based chemoradiation [18, 23-28]. Given the lower abdominal location of most transplanted kidneys, pelvic radiation presents
greater challenges in this patient population. In many cases, the kidneys are the dose-limiting organs for radiotherapy to
gastrointestinal cancers, gynecologic cancers, lymphomas and sarcomas of the upper abdomen, and during total body irradiation
(TBI). Per Quantitative Analysis of Normal Tissue Effects in the Clinic guidelines, the suggested dose-volume constraints for non-
TBI, bilateral kidney irradiation for an estimated nephropathy risk of < 5% are a mean kidney dose of < 18 Gy, a V20 of < 32%,

TReferences 3, 5, 10, 11, 14, 16, 21, 22.
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and a V6 of < 30% [29]. Despite that, studies examining renal toxicity in the context of TBI have demonstrated increased rates of
nephropathy in patients receiving as little as 8 to 12 Gy to the kidneys, although it should be noted that these results are often
confounded by concurrent chemotherapy regimens. Given the relative radiosensitivity of native kidneys, the tissue-sparing
effects of proton therapy are of utmost importance in the treatment of patients with pelvic kidneys and pelvic malignancies.

Proton therapy is being investigated as an alternative to intensity-modulated radiation therapy because of its potential to
minimize radiation exposure to the transplanted kidney and other organs at risk. Previous dosimetric studies have demonstrated
improved organ-at-risk sparing with IMPT, compared with intensity-modulated radiation therapy, that do not sacrifice coverage of
the target volumes [19]. Of note, there are 3 on-going clinical trials investigating the use of proton therapy in the treatment of anal
cancer in the population at large (NCT03018418, NCT01858025, and NCT03690921). In our study, radiation dosage to the
pelvic kidney was well below proposed dose-volume constraints, with a maximum mean kidney dose of 3.6 Gy, a maximum V20
of 5.79%, and a maximum V6 of 18.26%. Clinical target volume coverage was 100% for patients 1 to 3, and 99.5% for patient 4.

Although short-term kidney function was preserved, radiation-induced kidney injury is subclinical and frequently presents
during the subacute (3—18 month) and chronic (> 18 month) periods [29]. Because of recent treatment completion and the
receipt of follow-up care in another state, subacute or chronic posttreatment creatinine levels were only obtained for 2 patients.
Although immediate results are encouraging, on-going evaluation will be needed to assess long-term kidney function.

Based on these 4 patient cases, IMPT appears to be an acceptable option for patients with squamous cell carcinoma of the
anal canal and a transplanted pelvic kidney. In each case, minimal radiation exposure of the renal transplant was achieved
with relative preservation of kidney function and no sacrifice of target volumes.
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