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Purpose: To report outcomes of amultimodality therapy combiningmaximal surgical resection and intraoperative
electron radiotherapy (IOERT) for patients with locoregionally (LR) recurrent renal cell carcinoma (RCC) after
radical nephrectomy or LR advanced primary RCC.
Methods andMaterials: From 1989 through 2005, a total of 22 patients with LR recurrent (n = 19) or LR advanced
primary (n = 3) RCC were treated with this multimodality approach. The median patient age was 63 years (range
46-78). Twenty-one patients (95%) received perioperative external beam radiotherapy (EBRT) with amedian dose
of 4,500 cGy (range, 4,140–5,500). Surgical resection was R0 (negative margins) in 5 patients (23%) and R1 (re-
sidual microscopic disease) in 17 patients (77%). The median IOERT dose delivered was 1,250 cGy (range,
1,000–2,000). Overall survival (OS) and disease-free survival (DFS) and relapse patterns were estimated using
the Kaplan–Meier method.
Results: The median follow-up for surviving patients was 9.9 years (range, 3.6–20 years). The OS and DFS at 1, 5,
and 10 years were 91%, 40%, and 35% and 64%, 31%, and 31%, respectively. Central recurrence (within the
IOERT field), LR relapse (tumor bed or regional lymph nodes), and distant metastases at 5 years were 9%,
27%, and 64%, respectively. Mortality within 30 days of surgery and IOERTwas 0%. Five patients (23%) expe-
rienced acute or late National Cancer Institute Common Toxicity Criteria (NCI-CTCAE) Version 4 Grade 3 to 5
toxicities.
Conclusions: In patients with LR recurrent or LR advanced primary RCC, a multimodality approach of perioper-
ative EBRT, maximal surgical resection, and IOERT yielded encouraging results. This regimen warrants further
investigation. � 2011 Elsevier Inc.

Intraoperative radiotherapy, Renal cell carcinoma, Nephrectomy, Combined modality therapy.
INTRODUCTION

In the United States, approximately 58,240 patients were
diagnosed with cancer of the kidney or renal pelvis in 2010
(1). The majority of patients with this disease present with
clinically localized renal cell carcinoma (RCC) and are candi-
dates for potentially curative nephrectomy. However, some
patients present with locoregionally advanced disease of
borderline resectability. In addition, 1% to 3% of patients ex-
perience isolated locoregional (LR) recurrence in the retroper-
itoneal soft tissue and/or nodal basins after nephrectomy
(2–5). The optimal management of isolated LR recurrent
disease remains unknown, given its relative infrequency. In
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carefully selected patients with resectable LR recurrent
disease, salvage surgery is associated with long-term survival
in only a small portion of patients (2–9). In the setting of
salvage or primary surgery, margin status was reported to be
an important prognostic factor for survival (4, 10). However,
a wide resection of tumor is often unachievable due to its
close proximity or frank invasion into adjacent unresectable
structures such as major vessels and/or vertebral bodies.
Therefore, in patients with LR recurrence or LR advanced
primary RCC of borderline resectability, it is appropriate to
consider additional LR therapies adjunct to surgery to
optimize LR control and survival.
14–16, 2010, and at the American Society for Therapeutic Radiol-
ogy and Oncology 52nd Annual Meeting, San Diego, CA, October
31–November 4, 2010.
Conflict of interest: none.
Received Dec 1, 2010, and in revised form Feb 2, 2011.

Accepted for publication Feb 11, 2011.

mailto:choo.c@mayo.edu
mailto:choo.c@mayo.edu
http://dx.doi.org/10.1016/j.ijrobp.2011.02.026
http://dx.doi.org/10.1016/j.ijrobp.2011.02.026


Table 1. Patient characteristics at pretreatment evaluation

Characteristic n (%)

Age, y
Median 63
Range 43–78

Sex
Male 17 (77)
Female 5 (23)

Disease status
Primary 3 (14)
Recurrent 19 (86)

Grade
2 9 (41)
3 10 (45)
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Since 1989, we have treated selected patients with iso-
lated LR recurrence after nephrectomy or LR advanced pri-
mary RCC with a multimodality approach consisting of
perioperative external beam radiotherapy (EBRT), maximal
resection, and intraoperative electron radiotherapy (IOERT).
In 1994, we reported favorable early outcomes in an initial
cohort of patients (11). In addition, we have reported high
rates of local control and acceptable toxicity with this multi-
modality approach for patients with other LR advanced pri-
mary or LR recurrent abdominal and pelvic tumors (12–17).
Here we report long-term outcomes on an expanded series of
patients with LR recurrence or LR advanced primary RCC
treated with a multimodality approach incorporating IOERT.
4 3 (14)
Maximum locoregional tumor dimension, cm
Median 7
Range 0–20*

Additional known site of oligometastatic disease
No 19 (86)
Lung 2 (9)
Liver 1 (5)

Prior external beam radiotherapy
No 21 (95)
Yes 1 (5)

* One patient with microscopic residual disease after resection at
an outside institution (0 cm).
METHODS AND MATERIALS

The prospective departmental IORT database was searched for
patients with RCC treated with IOERT at Mayo Clinic, Rochester,
MN. Inclusion criteria included primary or recurrent RCC treated
with surgery and IOERT to LR disease as a component of poten-
tially curative therapy. Exclusion criteria included surgery and
IOERT to a distant metastatic site for palliation of symptoms
only. Twenty-two consecutive patients treated between 1989 and
2005 met the above criteria and were included in this analysis.
The Mayo Foundation Institutional Review Board approved this
retrospective study.
Patients were selected for the multimodality approach by the sur-

geon and radiation oncologist because of concern that surgery alone
would be unlikely to remove all gross and/or microscopic LR dis-
ease. All patients underwent pretreatment staging, typically consist-
ing of the following: physical examination; laboratory evaluation;
computed tomography (CT) of the chest, abdomen, and pelvis;
bone scan; abdominal ultrasound; and/or brain imaging at the dis-
cretion of the attending physicians. In patients with recurrent dis-
ease, histologic confirmation of recurrence was obtained before
treatment. Patients with resectable distant oligometastatic disease
were considered candidates for the multimodality therapy.
Patients with no prior radiotherapy were treated with periopera-

tive EBRT (either preoperatively, postoperatively, or a combination
of both) to the tumor bed and regional lymphatics using megavolt-
age photons. Institutional preference was to deliver EBRT preoper-
atively (45 Gy in 25 fractions over 5 weeks to extended fields,.
followed by a smaller boost field receiving 5 to 9 Gy in three to
five fractions). One patient with LR recurrence had a history of
prior EBRT was not given perioperative EBRT. No patients
received concurrent systemic therapy.
Details regarding IOERT delivery at Mayo Clinic have been pre-

viously described and are briefly summarized here (12). After max-
imal surgical resection of disease, the primary surgeon and radiation
oncologist determined the area of suspected microscopic residual
disease. A circular (diameter, 6–9.5 cm) or elliptical (width, 6–9
cm; length, 11–15 cm) Lucite applicator encompassing the area of
disease was immobilized using a Buchwalter retractor system. Re-
tractors and lead shielding were used as needed to displace and pro-
tect critical structures adjacent to the treatment field. The applicator
was then docked to the linear accelerator. Before 1989, patientswere
transferred from the operating room under anesthesia to the radia-
tion oncology department for IOERT. Since 1989, IOERT has
been delivered in a dedicated operating room containing a refur-
bished Clinic 18 linear accelerator (Varian, Palo Alto, CA). IOERT
was delivered in a single fraction, with the dose selected on the basis
of amount of residual disease, proximity of critical structures, and
the dose of preoperative and/or anticipated postoperative EBRT.
Follow-up data including survival, patterns of failure, and toxic-

ity were recorded prospectively in an institutional IOERT data-
base. These data were verified by retrospective chart review.
Endpoints were defined from the date of surgery and IOERT. Dis-
ease progression was discerned by radiographic imaging and/or
clinical examination. Central failure (CF) was defined as recur-
rence within the IOERT field. LR failure (LRF) was defined as
failure in the tumor bed, local lymphatics, or regional lymphatics,
all of which were typically included in the perioperative EBRT
field. Distant failure (DF) was defined as any relapse beyond
LRF. Toxicities were initially recorded using criteria developed
by the National Cancer Institute (NCI) IORT working group
(18). Subsequently, toxicities were reclassified using the NCI
Common Toxicity Criteria Version 4 (19). The time point of 90
days after surgery and IOERT was used to distinguish between
acute and late toxicity.
The Kaplan–Meier (KM) method was used to analyze survival

and relapse outcomes (20). Potential factors associated with LRF
and overall survival (OS) were examined in a univariate analysis us-
ing the log-rank test. Variables examined included gender (male vs.
female), age (< median vs. $ median), histologic grade (2 vs. 3 or
4), time to recurrence after nephrectomy (< median vs.$ median),
advanced primary vs. recurrence, size (< 5 cm vs.$ 5 cm), resected
oligometastatic disease (yes vs. no), margin status (negative [R0]
vs. microscopic positive [R1]), and IOERT dose (< median vs. $
median). A p value < 0.05 was considered significant. Follow-up
data were collected through March 2010. Statistical analysis was
performed with JMP 8.0 (SAS Institute Inc., Cary, NC)
RESULTS

Patient characteristics are detailed in Table 1. Three pa-
tients had LR advanced primary disease with extensive



Fig. 1. Serial computed tomography (CT) scans in a 70-year-old
manwith renal cell carcinoma (RCC). (A) InAugust 2000, he under-
went nephrectomy for a 10-cm Grade 4 RCC of the left kidney. (B)
In April 2002, he developed an 8-cm recurrence in the left preverte-
bral region. After biopsy confirmation, he received preoperative ex-
ternal beam radiotherapy (45 Gy in 25 fractions). (C) In July 2002,
repeat CT scan 4 weeks after completion of radiotherapy revealed
extensive treatment effect. At the time of resection, the medial mar-
gin was initially positive on intraoperative frozen section examina-
tion; however, after re-excision, all final margins were negative.
Intraoperative radiotherapy (10 Gy) was delivered to the medial
margin against the vertebral body, aorta, and inferior venal cava.
(D) As of February 2010, he has remained free of disease.
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retroperitoneal nodal involvement, pancreas involvement, or
nephrectomy with positive margins at an outside institution.
Nineteen patients had an LR recurrence in the retroperito-
neal soft tissue and/or lymph nodes at a median interval of
2.0 years (range, 0.7–13.7 years) after nephrectomy
(Fig. 1). Eighteen patients were treated for first recurrence
and 1 patient was treated for a second recurrence (after
previous resection for first recurrence). Two patients had
received immunotherapy at an outside institution before
referral for potential resection with IOERT.

Treatment characteristics are detailed in Table 2. There
were 3 patients with known sites of oligometastatic disease
at the initiation of multimodality therapy; 2 patients had
lung metastases removed with wedge resection before sur-
gery and IOERT, and 1 patient had liver metastases resected
at the time of surgery and IOERT. One additional patient was
found to have omental metastases at the time of surgery and
IOERT, which were resected. Of these 4 patients with re-
sected oligometastatic disease, 1 patient who had a lung me-
tastasis removed before surgery and IOERT is alive without
recurrent disease at 14.4 years of follow-up, whereas the
other 3 patients experienced DF and died of disease.

Six patients were alive at a median of 9.9 years (range,
3.6–20 years) at last follow-up. KM estimates of OS at 1,
5, and 10 years were 91%, 40%, and 35%, respectively.
KM estimates of disease-free survival at 1, 5, and 10 years
were 64%, 31%, and 31%, respectively (Fig. 2).

Thirteen patients (59%) experienced disease relapse after
multimodality therapy. KM estimates of CF, LRF, and DF at
5 years were 9%, 27%, and 64%, respectively (Fig. 3). The
median time to relapse was 0.8 years (range, 0.2–4.0). The
first site of relapse was LRF only in 1 patient, LRF and DF
in 2, and DF only in 10. The most common sites of DF
were lung and liver. The total number of patients experienc-
ing CF and LRF at any point, including at the time of or
subsequent to DF, was 2 and 5, respectively. Six patients
received systemic therapy (immunotherapy) after relapse.
No patient received tyrosine kinase inhibitor (TKI) therapy
as part of multimodality therapy or after relapse.

In univariate analysis, R0 resection (vs. R1 resection) was
associated with a trend toward improved survival. KM
estimates of OS at 5 years were 80% vs. 29%, respectively
(p = 0.057). None of the examined variables were signifi-
cantly associated with LRF.

Mortality within 30 days of surgery and IOERT was 0%.
Five patients (23%) experienced acute or late Grade 3 or
greater toxicity potentially related to the multimodality
therapy. Acute toxicities included postoperative adult respi-
ratory distress syndrome requiring mechanical ventilation
(Grade 4), pancreatic pseudocyst (Grade 3), and perforated
duodenal ulcer (Grade 3). There were two fatal late toxicities
(pyloric ulcer hemorrhage and duodenal ulcer perforation)
possibly related to the therapy.
DISCUSSION

The optimal management of LR recurrent or LR advanced
primary RCC is unknown. In selected patients with LR recur-
rence, salvage surgery has been performed (2–7). However,
in many patients, a wide margin resection is difficult to
achieve because tumor is intimately associated with critical,



Table 2. Treatment characteristics of study patients

Perioperative EBRT (n = 21)
Total dose, cGy
Median 4,500
Range 4,140–5,500

Timing
Preoperative only 17 (81)
Postoperative only 2 (10)
Preoperative and postoperative 2 (10)

Surgery
No residual disease (R0), n (%) 5 (23)
Microscopic residual disease (R1), n (%) 17 (77)

IOERT
Dose, cGy
Median 1,250
Range 1,000–2,000

Energy, MeV
Median 9
Range 6–12

No. of fields, n (%)
One 19 (86)
Two 3 (14)

Abbreviations: cGy = centigray; EBRT = external beam radio-
therapy; IOERT = intraoperative electron radiotherapy; MeV =
megaelectron volts.
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unresectable structures. Therefore, despite resection of all
gross disease, patients are at high risk for further relapse and
death (2–7). In an effort to optimize LR control for patients
with LR recurrent or LR advanced primary RCC, a few
institutions have adopted a strategy of combining maximal
surgical resection with IOERT, which specifically targets
areas at highest risk for residual microscopic disease (7, 21,
22). Combining EBRT and IOERT allows dose escalation
above that capable with EBRT alone, which is limited by the
tolerance of surrounding structures.

For patients with recurrent or advanced primary RCC,
other groups have demonstrated high rates of local control
with combined modality therapy consisting of surgical
resection and IOERT with or without perioperative EBRT
(Table 3) (7, 21, 22). However, these series included small
numbers of patients with relatively short follow-up. Investi-
gators from the University of Pamplona published early out-
comes on a cohort of 11 patients with advanced primary or
recurrent RCC treated with surgical resection with IOERT
(22). Seven patients received perioperative EBRT (dose
Fig. 2. Kaplan–Meier estimates of overall survival (A) and dis
and intraoperative electron radiotherapy for all patients (n = 2
range, 30–45 Gy). With short follow-up, there was no toxic-
ity attributable to IOERT, and only 1 patient experienced lo-
cal tumor recurrence. At the University of Heidelberg, 12
patients with advanced primary or recurrent RCC were
treated with resection, IOERT (mean, 16.2 Gy), and postop-
erative EBRT (mean, 40 Gy in 20 fractions)(21). Ten pa-
tients had microscopic or gross residual disease at the time
of IOERT. No patient experienced local recurrence. At the
University of California–San Francisco, 10 patients with lo-
cally recurrent RCC underwent resection and IOERT (mean
15 Gy) without perioperative EBRT (7). Two patients expe-
rienced local recurrence. In the present study, with mature
follow-up, the multimodality approach (combining perio-
perative EBRT, maximal surgical resection, and IOERT)
was associated with durable LR control, with only 2 patients
experiencing failure within the IOERT field. Therefore, our
data further support the role of this combined modality ther-
apy for patients with LR recurrent or advanced primary
RCC.

In patients with an isolated LR of RCC after nephrec-
tomy, there are limited data reporting local control rates af-
ter salvage surgery alone. In a series of 54 patients
undergoing resection of isolated LR recurrence of RCC af-
ter nephrectomy (median follow-up, 3.4 years), isolated
second recurrence in the postoperative bed occurred in
14.8%, with half of these patients requiring further radical
resections (4). Another 50% of patients developed DF
alone or with a component of local failure; however, the in-
cidence of local failure in this group was not specified. In
a series of 16 patients with LR recurrence of RCC after ne-
phrectomy who underwent resection (median follow-up,
1.3 years), local recurrence occurred in 6 (38%) (2). In
our study, patients were referred for IOERT along with sur-
gical resection because of borderline resectability; there-
fore, patients in our series likely had more adverse
disease characteristics than those in the above-mentioned
series. In spite of this, long-term LR control in our series
appears to be at least as good as that reported in other large
series examining salvage surgery alone that had relatively
short follow-up.

Despite aggressive LR therapy, DF occurred in many pa-
tients in our series. In other retrospective series of patients
with LR recurrence of RCC after nephrectomy, rates of
ease-free survival (B) measured from the time of surgery
2).



Fig. 3. Kaplan–Meier estimates of central failure (CF), locore-
gional failure (LRF), and distant failure (DF) measured from the
time of surgery and intraoperative electron radiotherapy for all pa-
tients (n = 22).
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DF were similarly high, ranging from 50% to 62% (4, 5).
In these series, there was no apparent benefit from
perioperative systemic therapy; however, these series largely
predated the discovery of novel TKIs (4, 5). In the setting of
metastatic RCC, TKIs have demonstrated high response
rates with relatively low toxicity (23–26). Thus, studies are
needed to investigate the safety, efficacy, and optimal timing
of adding systemic therapies to radiotherapy and surgery for
patients with LR recurrence of RCC.

In our series, the rate of Grade 3 to 5 toxicity was signif-
icant (23%), although consistent with other studies evaluat-
ing salvage surgery alone for LR recurrence of RCC. In the
Esrig et al. series of 13 patients undergoing radical resection
for recurrent RCC, 4 patients (31%) experienced fatal toxic-
ity within 6 months of surgery, and 2 patients developed sig-
nificant late complications (8). Tanguay et al. observed
significant complications in 5 of 15 patients with recurrent
RCC undergoing resection (9). In a series of 54 patients
with recurrent RCC treated with resection, Margulis et al. re-
ported a 30-day mortality of 3.7% and Grade III/IV morbid-
ity in 14.8% (4). Our study had comparable toxicity,
suggesting that the addition of perioperative EBRT and
IOERT to salvage surgery did not appear to significantly
add morbidity in patients with LR recurrent or LR advanced
primary RCC. Nonetheless, the rate of toxicity observed
with this aggressive approach is not trivial, highlighting
Table 3. Outcomes after surgery and intraoperative radiot

Study authorsRef
Primary/
Recurrent

Median
follow-up (y)

Santos et al. (22) (n = 11) 8/3 0.7
Master et al. (7) (n = 10) 0/10 5.9
Eble et al. (21) (n = 12) 3/9 3.3
Current series (n = 22) 3/19 9.9

Abbreviations: EBRT = external beam radiotherapy; Ref = reference;
survival.
* Seven patients received EBRT with a dose range of 30 to 45 Gy.
y Local and regional control.
the need for appropriate patient selection and treatment by
an experienced multidisciplinary team.

There are limitations to our series. First, the inclusion/ex-
clusion criteria and endpoints for this analysis were retro-
spectively defined, although outcomes data were defined
and collected prospectively in the IORT databasewith regard
to relapse, survival, and toxicity. Accordingly, our results
should be interpreted with caution because of the risk of un-
recognized biases and/or confounding factors. Second, the
number of patients examined is relatively small, preventing
a thorough analysis of prognostic factors. Third, all patients
received both surgical resection and IOERT, thus preventing
a direct analysis of the potential incremental benefit of
IOERT and perioperative EBRT over surgery alone. Fourth,
all patients received an IOERT boost; thus it is unclear as
to whether adjunctive EBRTwithout IOERTwould be asso-
ciated with a similar high rate of local control but potentially
less toxicity. Fifth, a limited number of radiotherapy depart-
ments are able to perform IOERT, thus restricting the appli-
cability of our findings in general practice and limiting the
ability to further investigate this modality.

Newer therapeutic modalities may offer additional treat-
ment options for patients with LR recurrent or LR advanced
primary RCC. Radiofrequency ablation and stereotactic
body radiotherapy have been used to treat a small, unresect-
able LR recurrence of RCC (27–29). Several new systemic
agents have been associated with improved OS or DFS for
metastatic RCC (23–26). As survival is suboptimal for
patients with LR recurrent and LR advanced primary RCC,
further studies are needed to identify optimal combinations
of LR and systemic treatments to improve outcomes.

CONCLUSION

To our knowledge, our study represents the largest series
examining a potential utility of the multimodality therapy
consisting of perioperative EBRT, maximal surgical resec-
tion, and IOERT for patients with LR recurrent or LR ad-
vanced primary RCC. With mature follow-up, this
treatment approach was associated with a low rate of LR re-
currence, acceptable toxicity, and long-term survival in a sig-
nificant number of patients. This regimen warrants further
investigation to better define appropriate patients, the opti-
mal sequence of therapies, and the potential role of systemic
therapy.
herapy for primary or recurrent renal cell carcinoma

Mean IORT
dose (Gy)

Mean EBRT
dose (Gy)

3–Year
OS (%)

Local
control

15 NS* NS 10/11
15 None ∼33 8/10
16.2 40 47 12/12
13.5 48 50 17/22y

IORT = intraoperative radiotherapy; NS = not stated; OS = overall
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