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Abstract

Purpose—To evaluate the prognostic roles of metastasectomy and an established risk stratification
system for patients experiencing a disease recurrence following nephrectomy for non-metastatic renal
cell carcinoma (RCC).

Methods—A retrospective analysis was performed on 129 patients with localized RCC treated by
partial or radical nephrectomy and subsequently diagnosed with disease recurrence. At the time of
recurrence, a previously validated risk score based on Karnofsky performance status, interval from
nephrectomy, and serum hemoglobin, calcium, and lactate dehydrogenase levels was used to
categorize patients as favorable, intermediate, or poor-risk. Survival from recurrence was assessed
based on risk categorization and metastasectomy

Results—Median time from nephrectomy to recurrence was 16 months. Median and two-year
survival rates were strongly associated with the risk score (favorable-risk: 73 months and 81%;
intermediate-risk: 28 months and 54%; poor-risk: 6 months and 11%; log-rank<0.001).
Metastasectomy was performed in 44 patients (34%) and found to be of clinical benefit across the
various risk categories (interaction analysis, p=0.8). On multivariate analysis, a better risk category
(p<0.001) and undergoing a metastasectomy (p<0.001) were each independently associated with a
more favorable survival and when combined provided six different risk categories with an estimated
two-year survival ranging from 0 — 93%.

Conclusions—The clinical course for patients with an RCC recurrence following nephrectomy
can be variable and is independently impacted by an objectively obtained risk score and whether the
patient undergoes a metastasectomy.
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INTRODUCTION

For patients with localized or locally advanced renal cell carcinoma (RCC), the risk of
recurrence following partial or radical nephrectomy largely depends on tumor size, histology,
stage, grade, completeness of resection, presence of symptoms, and patient performance
status~—. Contingent upon the varying distribution of these factors, five-year rates of
recurrence range from 15 - 27%3;

Largely based on retrospective analyses, several surveillance protocols have been proposed,
tailoring the follow-up scheme to the estimated individual risk of disease recurrence.™ °7©,
The premise of each follow-up strategy is to allow prompt diagnosis and treatment of relapse
atan early, solitary, and low-volume stage. Most physicians and patients intuitively presuppose
that timely intervention with surgery, radiation or systemic agents are capable of providing a
meaningful, and potentially curative, benefit; however, this paradigm has never been
appropriately compared to the initiation of treatment when the tumor burden is more
substantive.

At the time of local or systemic disease recurrence, the dilemma for clinicians and patients is
deciding whether treatment is beneficial compared to observation alone and, if so, by what
modality. Approximately one-quarter of patients with recurrent RCC are deemed suitable
candidates for resection of measurable disease.2 For these patients, the five-year survival rates
following surgery are 30 — 50% and prognosis has been associated with the extent and location
of metastases, prior disease-free interval, and ability to attain a complete resection10-13

Our group has recently shown that a simply attained risk score, which may reflect biologic
aggressiveness (time to recurrence), tumor burden (LDH), hematopoietic suppression or
skeletal involvement (serum hemoglobin and calcium) and the impact of disease on patient
function (Karnofsky performance status), provides a powerful risk-stratification tool for
patients with disease recurrence following nephrectomy 9 Based on risk-score and irrespective
of whether their recurrent disease was resected, patients can be categorized into favorable,
intermediate, or poor-risk groups with corresponding median survival times of 72, 25, and 6
months. We therefore hypothesized that the improved survival previously noted in patients
undergoing metastasectomy may simply reflect a selection bias of patients at low risk for
progression rather than a true surgical benefit. In this context we investigated the impact of
metastasectomy on survival in patients with recurrent disease following nephrectomy using
our previously validated risk stratification tool to control for individual risk of disease
progression.

METHODS

Study cohort

Following Institutional Review Board approval, we queried our departmental renal tumor
database to identify 167 patients undergoing partial or radical nephrectomy for clinically
localized disease from January 1989 to June 2007 who subsequently developed a local or
systemic recurrence. All patients were staged pre-operatively with an abdominal and pelvic
computed tomography (CT) scan, chest imaging (x-ray or CT), serum comprehensive
metabolic panel, and, if indicated by symptoms or laboratory values, bone scan or imaging of
the brain.

Patients with bilateral renal masses at the time of presentation (n=7), von Hippel-Lindau disease
(n=1), history of contralateral RCC prior to recurrence (n=3), or incomplete clinical (n=11) or
follow-up (n=16) data were excluded, leaving 129 patients available for evaluation.
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Follow-up and prognostic scoring system

Statistics

RESULTS

Surveillance strategies after nephrectomy were at the discretion of the treating physician but
generally consisted of a history and physical examination, serum chemistries, and chest
imaging every 3-6 months during the first two years, every 6 months during years 3-5, and
annually thereafter. Renal, abdominal, and pelvic imaging, either by ultrasound or CT scan
were generally performed semi-annually. A disease recurrence was defined as radiographic
evidence of disease on CT, MRI, or bone scan. Equivocal radiographic findings were assessed
by follow-up imaging or biopsy and, when deemed appropriate, classified as a disease
recurrence. Local disease recurrence was defined as tumor relapse in a prior nephrectomy bed.

At the time of recurrence, a five-point prognostic scoring system for patients with advanced
RCC was appliedgv 14 one point was assigned for each adverse parameter met, up to a
maximum of five points, and consisted of: 1) time from nephrectomy to recurrence < 12 months,
2) serum hemoglobin less than age-specific lower limit of normal (male: < 13 g/dl, female: <
11.5 g/dl), 3) serum calcium > 10 mg/dl after correction for serum albumin, 4) Karnofsky
performance status < 80%, and 5) serum LDH > 300 U/L. Each patient was then assigned to
a risk category based on our previous work: favorable-risk (0 points), intermediate-risk (1-2
points), or poor-risk (3-5 points)g.

Treatment at the time of disease recurrence was at the discretion of the physician and patient.
Surgical metastasectomy was generally offered if disease sites were felt to be amenable to a
complete resection, particularly if they were solitary or confined to lung only, and based on a
patient’s overall medical condition and ability to tolerate surgery.

One-way ANOVA was used to compare time to recurrence based on RCC histology and
pathologic stage. Survival analyses were performed using the Kaplan-Meier method. Time to
event was coded as the interval from disease recurrence to last known follow-up or death.
Disease-specific and overall survivals were equivalent, as all deaths in our cohort were
attributed to progressive metastatic RCC. A Cox proportional hazards regression analysis using
risk score and metastasectomy status was performed to evaluate predictors of overall survival.
A p-value < 0.05 was considered significant.

Of the 129 patients with a disease recurrence following surgery for RCC, 87 (67%) were male,
123 (95%) underwent a prior radical nephrectomy, 103 (80%) had clear cell histology, and 77
(60%) exhibited pathologically advanced features (pT3 or pT4) (Table 1).

Median (IQR) time from nephrectomy to recurrence was 16.0 (4.5, 32.8) months with 82 (64%)
and 115 (89%) within two and five years, respectively. The lengthiest interval to recurrence
was 136 months. Pathologic stage was associated with mean (SD) time to recurrence [pT1: 38
(32) months, pT2: 39 (35) months, pT3: 19 (23) months, pT4: 9 (13) months; p=0.001] whereas
RCC histology was not [chromophobe: 30 (11) months, clear cell: 27 (31) months, papillary:
17 (23) months, other: 15 (18) months; p=0.4].

Median survivals from recurrence for all patients and for those alive at the conclusion of the
study were 28 and 30 months, respectively. Of the five factors utilized for risk stratification,
23 (18%) patients met criteria for poor performance status (KPS<80%), 8 (6%) for elevated
LDH, 22 (17%) for elevated calcium, 43 (33%) for decreased hemoglobin, and 57 (44%) for
interval to recurrence < 12 months (Table 2). After determining a risk score for each patient,
41 (32%) were classified as favorable-risk, 69 (53%) intermediate-risk, and 19 (15%) poor-
risk (Figure 1a). Median survival rates and the two-year and five-year survival probabilities
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were strongly associated with the risk category (favorable-risk: 73 months, 81%, 57%;
intermediate-risk: 28 months, 54%, 16%; poor-risk: 6 months, 11%, 0%, respectively).

Lung was the most common site of recurrence (82 patients: 64%). Representative of the diverse
metastatic potential of RCC, twelve different organs were sites of relapse (Table 2).
Metastasectomies were performed in 44 (34%) patients and on 11 different organs (Table 3).
Metastasectomy intent was curative in 40 (91%) patients. All 4 patients undergoing a palliative
metastasectomy [9%; brain (2), femur, and spinal] died of disease (4, 11, 23, and 39 months
after recurrence). Patients designated as favorable-risk were more likely to undergo
metastasectomy (51%) compared to intermediate (28%) or poor-risk (21%) (p=0.02),
highlighting the variability of the surgical selection process.

The risk strata provided meaningful prognostic information regardless of whether patients
underwent a metastasectomy (Figures 1la—c, all log-rank = 0.003). To test the hypothesis that
metastasectomy has an effect on survival only among a particular risk strata, we looked for an
interaction between metastasectomy and risk group. An interaction between two variables
exists if the effect of one variable depends on the level of the other variable. If the interaction
term between metastasectomy and risk group (favorable vs intermediate vs poor risk) is
statistically significant, then the change in survival associated with metastasectomy is affected
by the patient’s risk characteristics. The interaction term between metastasectomy and risk
group was not statistically significant (p=0.8) and therefore we have no evidence that
metastasectomy is of benefit only to patients of a particular risk category.

On multivariate Cox regression analysis predicting death from disease, not undergoing a
metastasectomy (HR=2.7; 95% CI: 1.6 —4.5; p<0.001) and a higher risk category (intermediate
vs. favorable risk: HR=3.0, 95% CI: 1.7 — 5.3, p<0.001; poor vs. favorable risk: HR=12.4, 95%
Cl: 6.0 — 25.5, p<0.001) were both independently associated with decreased survival (Table
4). Not undergoing a metastasectomy independently predicts for adverse survival; the impact
of being intermediate versus favorable risk is similar to not having a metastasectomy and being
poor risk versus favorable risk portends a worse outcome compared to not having a
metastasectomy.

DISCUSSION

For the 15% of patients diagnosed with an RCC recurrence within five years of nephrectomy
(ranging from 5% to 27% based on tumor size), management options typically include newly
available targeted agents, systemic immunotherapy, surgical resection or observation. Tyrosine
kinase inhibitors (sorafenib and sunitinib) and mTOR inhibitors (temsirolimus and RAD-001)
prolong time to progression versus standard therapy but durable complete responses have not
been reported with these agents alone. Immunotherapies such as interleukin-2 and interferon-
a induce durable complete responses in approximately 59%19 of patients but are less frequently
used since the introduction of newer, less-toxic agents.

Largely based on small retrospective reports showing five-year disease-free survival rates of
30 - 50% following metastasectomy10‘13, patients with resectable disease at the time of
recurrence are typically considered candidates for potentially curative surgery. However, the
relatively favorable outcomes compared to systemic agents alone are at least partially a
consequgence of patient selection and the variable growth kinetics of individual metastatic renal
cancers”.

There are two main findings of our study. First, patients undergoing metastasectomy for RCC
recurrence following nephrectomy appear to experience a survival benefit. Secondly, our
objective risk stratification at the time of recurrence is a valuable tool containing powerful
prognostic information that should aid patient counseling and decision making.
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Corroborating another study primarily evaluating patients with metastatic disease at
diagnosislG, we found metastasectomy to be independently and strongly associated with an
improved survival outcome. Our data, along with the findings of earlier studies from Memorial
SIoan-Ketteringll, Mayo Clinic12 17 and Martin Luther University10 showing the five-year
disease-free survival of 30 — 50% following metastasectomy, supports the notion of offering
metastasectomy to individuals with surgically resectable disease. Our patient cohort was
largely offered metastasectomy with the objective of achieving a disease-free status.
Intriguingly, even when the likelihood of complete disease resection is low, metastasectomy
appears to maintain its clinical benefit as Vogl et al showed that when the indication was
commonly for pain control, prevention of pathologic fractures, or brain metastases (74%) and
rarely achieved a disease-free status (21%), metastasectomy independently predicted for an
improvement in survivall6.

The objective risk stratification score is independently associated with outcome and in
conjunction with the presence or absence of metastasectomy provides more specific prognostic
information (estimated two-year survival range: 0 — 93%; Figure 2). Components of this five-
point scoring system are valuable in the recurrent?, newly-diagnosed metastatic14, and
treatment-refractory metastatic!8 settings, incorporated into the National Comprehensive
Cancer Network Kidney Cancer Guidelines, and used for balanced randomization in
prospective investigational trialsl®.

Whether to proceed with metastasectomy depends on multiple factors: sites and number of
metastases, resectability, surgical expertise, patient compliance and general medical condition.
Since there are very few absolute indications for surgery, the decision regarding
metastasectomy is often empiric. Our data suggests that in appropriately selected patients it
appears to be associated with a survival benefit.

Though not our primary study intent, other interesting observations can be extracted. Relative
to all patients in our database undergoing nephrectomy for localized disease, those
experiencing a recurrence were expectedly more likely to have had a radical nephrectomy (95%
vs 70%), pathologic T3-4 disease (60% vs 25%), and clear cell histology (80% vs 61%).
Further, time from nephrectomy to recurrence can be quite protracted (11% greater than 5
years) with advanced pathologic features being associated with a shorter time to recurrence.

Limitations of our study should be considered when interpreting the results. The bona fide role
of surgery at the time of RCC recurrence can only be definitively understood through
prospective evaluation with a standardized treatment protocol, particularly since a selection
bias in recommending metastasectomy may exist. Although the original development of the
risk score considered a multitude of variables, it was by no means constructed to be definitive,
as there are most certainly other parameters that serve as surrogates of outcome. However, the
risk score as presented benefits from its simplicity, ease in collecting the required information,
validation, and familiarity to many oncologists. Our study cohort may be too small to recognize
the differential impact of metastasectomy by risk group when evaluated in the interaction
analysis. Future studies with more patients are required to confirm and more strongly establish
these risk groups. The variables comprising the risk score, although proven and validated, do
not represent every known predictive factor and others may correlate with outcome. In the
original study establishing the five variables comprising the risk score, a multitude of laboratory
values and metastases-specific data (site, number, etc) were not independently associated with
survival and therefore not included in the risk scorel4. While histologic subtype and grade
from the original nephrectomy were not part of that analysis, in our cohort they were not
associated with outcome following recurrence (data not shown).
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CONCLUSIONS

For patients with an RCC recurrence following nephrectomy for localized disease, the clinical
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Figure 1.

Survival From Time of Disease Recurrence Based on Risk Category: a) all patients (n=129);
log-rank<0.001, b) no metastasectomy (n=85); log-rank<0.001, ¢) metastasectomy (n=44);
log-rank=0.003
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Figure 2.

Overall Survival Based on Metastasectomy Status and Risk Score
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Number of patients Percent
Number of patients 129
Gender
Male 87 67%
Female 42 33%
Median age (IQR) at nephrectomy (years) 61.7 (52.7, 70.8)
Type of surgery
Radical nephrectomy 123 95%
Partial nephrectomy 6 5%
Pathologic stage
T1 27 21%
T2 25 19%
T3 67 52%
T4 10 8%
Histologic subtype
Clear cell 103 80%
Chromophobe 7 5%
Papillary 6 5%
Multiple 4 3%
Collecting duct 2 2%
Unclassified 7 5%
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Number of patients Percent

Year of recurrence

1990-1995 22 17%

1996-2001 64 50%

2002-2007 43 33%

*

Site of recurrence

Lung 82 64%

Bone 21 16%

Lymph node-regional 14 11%

Liver 13 10%

Local recurrence 13 10%

Brain 8 6%

Lymph node — distant 5 4%

Other 14 11%
Karnofsky performance status

<60% 8 6%

70% 15 12%

80% 33 25%

90% 46 36%

100% 27 21%
LDH > 1.5x upper limit of normal

Yes 8 6%

No 121 94%
Corrected calcium > 10 mg/dl

Yes 22 17%

No 107 83%
Hemoglobin (female<11.5 g/dl, male<13.0 g/dI)

Yes 43 33%

No 66 67%
Time to recurrence < 12 months

Yes 57 44%

No 72 56%

*
Includes patients with more than one site of recurrence

#Includes pancreas (5), contralateral adrenal gland (4), thyroid (2) and one each for vaginal, spleen, and ethmoid
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Site of Metastasectomy

Number of patients

Lung

19

Distant lymph nodes

IN

Regional lymph nodes
Brain

Bone

Liver

Local recurrence

WwWwwWwww

Adrenal

N

Ethmoid
Pancreas
Spleen
Thyroid

e e
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HR 95% ClI p-value
Metastasectomy
Yes REF REF <0.001
No 2.7 16-45
Risk score
Favorable REF REF <0.001
Intermediate 3.0 1.7-53
Poor 12.4 6.0-25.5

HR: hazard ratio
ClI: confidence interval

REF: reference
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