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Abstract
Background—The growth kinetics of untreated solid organ malignancies are not defined.
Radiographic active surveillance (AS) of renal tumors in patient unfit or unwilling to undergo
intervention provides an opportunity to quantitate the natural history of untreated localized tumors.
Here we report the radiographic growth kinetics of renal neoplasms during a period of
surveillance.

Methods—We identified patients with enhancing renal masses who were radiographically
observed for at least 12 months. Clinical and pathological records were reviewed to determine
tumor growth kinetics and clinical outcomes. Tumor growth kinetics were expressed in terms of
absolute and relative linear and volumetric growth.

Results—We identified 172 renal tumors in 154 patients under AS. Median tumor diameter and
volume on presentation was 2.0 cm (mean 2.5, range 0.4 - 12.0) and 4.18 cm3 (mean 20.0, range
0.0033 – 904). Median duration of follow-up was 24 months (mean 31, range 12 – 156). A
significant association between presenting tumor size and proportional growth was noted, with
smaller tumors growing faster than larger tumors. 39% (68/173) of tumors underwent delayed
intervention and 84% (57/68) were pathologically malignant. Progression to metastatic disease
was noted in 1.3% (2/154) of patients.

Conclusions—We demonstrate the association between a tumor’s volume and subsequent
growth with smaller tumors exhibiting significantly faster volumetric growth than larger tumors,
consistent with Gompertzian kinetics. Surveillance of localized renal tumors is associated with a
low rate of disease progression in the intermediate term and suggests potential over-treatment
biases in select patients.

Keywords
Active Surveillance; Growth Kinetics; Kidney Neoplasms

Introduction
The natural history of untreated solid human tumors has not been defined. Most
malignancies diagnosed by endoscopic, clinical or radiographic means are promptly treated
due to the perceived risk of disease progression, the uncertainty of active surveillance, legal,
social and/or financial forces all of which bias toward treatment. However, accumulating
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data in low risk prostate and kidney cancer suggest that the latency period between local
disease and the development of metastases may be longer than believed1, 2.

A significant increase in the age adjusted incidence of localized renal cancer (RC) has been
observed due to routine use of cross sectional abdominal imaging to evaluate abdominal
symptomatology3. The greatest increase has been noted in patients in the seventh to ninth
decades of life4. The increased detection of renal tumors in elderly patients and those with
multiple competing disease states has led to the active surveillance (AS) of renal tumors in
select patients. Although surgical excision remains the standard of care for localized renal
tumors5, several series have examined the intermediate oncologic outcomes of AS and
provide valuable insight into the malignant potential of localized renal tumors2, 6. A recent
comprehensive analysis of the AS series in kidney tumors noted that the majority of tumors
demonstrate slow interval growth, with a mean observed linear growth rate of 0.28 cm/yr
over a median follow-up of 32 months2. Further data have noted that a substantial proportion
(25-35%) of renal tumors exhibit zero radiographic growth when followed a median of 29
months7.

Presently, AS of renal tumors is reserved for patients who are unfit or unwilling to proceed
with surgical intervention, with the primary deterrent being the uncertainty of growth and
the risk of metastatic disease. However, recent series have suggested that a period of AS
followed by delayed primary intervention is not associated with alterations in treatment plan
or stage migration8, 9. An understanding of the growth kinetics of solid tumors will aide in
developing thresholds to trigger interventions in patients who choose an initial period of AS.
Here we report the largest series investigating the growth kinetics of any solid organ human
neoplasm undergoing a period of radiographic active surveillance. Additionally, we
summarize pathologic features of tumors undergoing definitive treatment and the clinical
outcomes of renal tumors continuing AS.

Methods
Patient Selection

Our IRB approved institutional renal tumor database was reviewed for solid or cystic tumors
with enhancing components that were radiographically observed for at least 12 months from
January 2000 through July of 2007. All lesions were locally confined to the kidney based
upon standard radiographic staging protocols. Patients with hereditary RC were excluded
from analysis.

Variables examined included patient age, gender, indication for AS, tumor size (maximal
cross-sectional diameter and volume) on presentation, duration of AS, presence of
multifocal renal tumors, tumor growth (linear and volumetric), surgical pathology, and local
and/or systemic disease progression.

Indications for AS and Delayed Intervention
Indications for AS were categorized as absolute, relative and elective. Absolute indications
include patients who were not surgical candidates based upon medical co-morbidities which
were deemed prohibitive. Relative indications for AS include the desire to avoid the
potential need for renal replacement therapy following treatment of the renal tumor(s).
Elective indications for AS include patients who refuse surgical intervention despite being at
lower operative and nephrologic risk.

Indications for delayed interventions included: interval tumor growth, improved medical risk
and/or performance status, interval change in clinical circumstances (ie: development of
tumor related symptoms) or patient choice (i.e.: anxiety, familial pressure). Surgical
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management was categorized as radical or nephron sparing. Nephron sparing techniques
included open and laparoscopic partial nephrectomies and ablative techniques. Surgical
management was also categorized as minimally invasive or open procedures.

Tumor Growth Kinetics
Radiographic follow-up was performed at 3-6 month intervals using cross-sectional
abdominal imaging (CT or MRI). Tumor size was measured as the maximal cross-sectional
diameter. Lesion measurements were performed at consistent levels within the kidney by
direct comparison to existing studies. Tumor volume was calculated using the maximal cross
sectional tumor diameter, with the equation: V = 0.523x3. Absolute tumor growth rate for
change in tumor diameter and volume were expressed as the change in tumor size per year,
ATD and ATV respectively. Relative change in tumor diameter and volume were expressed
as percentage change in tumor size per year, PTD and PTV respectively. Doubling time
could not be used to evaluate changes in tumor volume because of the significant number of
tumors that did not demonstrate interval growth.

PTD was calculated using the equation:

D0 = tumor diameter at time zero

D1 = tumor diameter at last follow-up

T = duration of follow-up in years

PTV was calculated using the equation:

V0 = tumor volume at time zero

V1 = tumor volume at last follow-up

T = duration of follow-up in years

Pathologic Assessment
Surgical pathology was reviewed for all tumors undergoing definitive treatment. Clinical
and pathologic stages were assigned using the 2002 American Joint Committee on Cancer/
UICC TNM guidelines. In addition to abdominal cross sectional contrast based imaging,
surveillance for metastatic disease in patients continuing AS was performed at six to twelve
monthly intervals and included chest x-ray, hepatic function tests, and a bone scan in
symptomatic patients. Local progression was defined as the development of previously
undetected enhancing renal tumors in the ipsilateral kidney.

Statistical Analysis
Nominal predictors of linear and volumetric growth were assessed using the Wilcoxon rank-
sum test or the Kruskal-Wallis test, as appropriate. Continuous predictors of growth were
assessed using linear regression. To satisfy the assumptions of linear regression, growth
rates were logarithmically transformed. Categorical predictors and outcomes were analyzed
using the chisquared test of independence. Descriptive statistics and hypothesis tests were
performed using JMP software (SAS, Cary, North Carolina). All tests were two sided with
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5% type 1 error. No adjustments were made for multiple testing. Waterfall plots were
constructed using Microsoft Excel.

Results
We identified 173 enhancing renal tumors in 154 patients followed radiographically for at
least 12 months. Multifocal disease was noted in 7.8% (12/154) of patients, accounting for
31 tumors. Table 1 provides patient demographics and tumor characteristics on presentation.
Figure 1 demonstrates the observed ATD (1a) and ATV (1b) rates for individual lesions
expressed as a waterfall graph. The majority, 74% (128/173), of tumors demonstrated
interval growth, while the remaining 26% (45/173) demonstrated negative or no growth.
Median size, on presentation were similar between tumors that did and did not demonstrate
interval growth, p = 0.779. Table 2 summarizes ATD, ATV, PTD and PTV for all patients
and selected clinicopathologic variables.

Of the 173 tumors undergoing a period of AS, 39% (68/173) of tumors eventually
underwent treatment. Table 3 compares clinical parameters and observed growth kinetics
between patients continuing AS and those undergoing delayed intervention. Median duration
of AS prior to treatment was 21 months (mean 25, range 12 - 96). Indications for
terminating AS were patient choice 62% (42/68), medical clearance 7% (5/68), interval
tumor growth 29% (20/68), and spontaneous retroperitoneal bleed 1% (1/68). Compared to
those that continued AS, patients who underwent delayed intervention were statistically
younger and had tumors with higher interval growth rates. Despite a period of active
surveillance the majority, 57% (39/68), of patients undergoing delayed intervention were
treated with a minimally invasive approach and most, 74% (50/68), underwent nephron
sparing approaches. Table 4 demonstrates tumor pathology in those with delayed
intervention. Malignant renal cell carcinoma was confirmed in 84% (57/68). Histologic
subtype, pathologic stage, and nuclear grade of tumors undergoing extirpative surgery are
presented in Table 4.

Recurrent disease was noted in 1 patient 15 months following delayed intervention. The
patient initially presented with multifocal papillary RCC which was treated with NSS. An
ipsilateral lesion in the renal remnant developed subsequently. The patient has elected to
observe the recurrent tumor and has not demonstrated systemic progression in over 38
months. Progression to metastatic disease was noted in 1.3% (2/154) of patients. Of the two
patients developing metastatic disease, one demonstrated disease progression following
delayed intervention and one during continued AS.

Discussion
Increased detection of asymptomatic localized incidental solid tumors in several organ
systems have been observed including prostate, breast, thyroid, kidney, and lung1, 3, 10-12.
The inference that early detection is consistently associated with improved outcomes is
confounded by the limitations of most surgical data sets. Even in contemporary surgical
series, tremendous treatment biases exist including lead time, length time, selection, and
researcher bias. Moreover, surrogate endpoints of success often lead to conclusions or
inferences that may not be fully substantiated. The net result is that many surgical
interventions may risk over or under-treating the inherent biology of an asymptomatic
localized tumor. Moreover, while an “orderly” molecular progression may lead to sequential
stage progression of localized tumors13, particularly egregious concurrent genetic insults
may result in tumors that are systemic from their inception14.
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While the treatment of symptomatic or potentially symptomatic localized lesions provides
both oncologic control and palliation of tumor related symptoms, the primary goal of
treating incidental lesions is to alter the natural history or course of the disease. The inability
to accurately match surgical treatment to a tumor’s biology is becoming more apparent in
oncology. While increased detection of incidental small renal tumors has been associated
with a downward stage migration over the last two decades15, treatment of these incidental
tumors has not translated into a decrease in cancer specific deaths from RCC, suggesting the
possible over-treatment of small, potentially indolent renal tumors16. The independent
impact of patient age and medical co-morbidities on overall survival following nephrectomy
was recently reported by Berger et al who demonstrate that limited life expectancy and
competing medical co-morbidities can reduce the survival benefit otherwise rendered by
nephrectomy in patients with renal tumors17. For these reasons the practice of AS of small
renal tumors in now being implemented in select patients. However, prior to the routine
initiation of AS in acceptable surgical candidates, thresholds for terminating AS and
implementing definitive intervention and the risk of progression to metastatic disease should
be defined.

While no standards currently exist, the threshold for intervention is largely based upon a
number of radiographic features including an absolute size cutoff, tumor growth kinetics,
patient/physician perceptions of risk, or a combination therein. A tumor size cutoff of 3 cm
has been proposed for initiating treatment of renal masses in patients with von Hippel-
Lindau disease18. This threshold was developed based on a low propensity for lesions <3cm
to metastasize in VHL patients. While, parallels between the AS of hereditary renal tumors
to those with sporadic lesions should be made with caution, molecular data suggest that most
sporadic and hereditary clear cell RCC exhibit similar genetic or epigenetic silencing of
VHL as a primary defect. Data which describe the low metastatic potential of small bilateral,
multifocal RCC in VHL should therefore be cautiously extended to sporadic cases, which
are often unilateral and unifocal. Additionally, while mathematical models of tumor growth
suggest that stage progression is related to tumor volume19, 20, the recognized heterogenous
behaviors of sporadic human malignancies does not support the use of a threshold for
intervention based on size alone. For these reasons tumor growth kinetics, determined
during a period of AS, may provide a better indication of a tumor’s biologic potential.

When terminating AS based upon tumor growth kinetics several factors should be taken into
account including the manner in which growth kinetics are reported (linear versus
volumetric), the potential for stage migration during AS, and the growth rates of tumors
associated with the development of metastatic disease. Tumor growth kinetics can be
evaluated and expressed in several different ways. Linear growth kinetics are based upon
changes in maximal axial tumor diameter. When using axial diameter, it is assumed that the
tumor is spherical and grows in a uniform fashion in all directions, a hypothesis that has
never been confirmed. Nonetheless, measuring the maximal cross sectional diameter of a
lesion over time is simple, and provides a relatively reproducible means of assessing growth.
A potential drawback of examining tumor growth kinetics in terms of linear growth is that
linear growth is not reflective of overall change in tumor volume. This is because calculating
the volume of a sphere requires cubing the diameter. For example, a change in maximal
axial diameter of a renal mass from 1 cm to 2 cm does not represent doubling the volume
but rather a change from 0.52cm3 to 4.19cm3 or a 700% increase in tumor volume.
However, a 1 cm change in maximal tumor diameter from 4 cm (33 cm3) to 5 cm (65 cm3)
only represents a 97% change in tumor volume. Another potential benefit of using tumor
volume instead of axial diameter is that tumor volume provides a better representation of
changes in total tumor cell number. Here we analyze tumor growth kinetics in relation to
both tumor diameter and volumetric changes. While we could find no correlation between
presenting tumor diameter and ATD; ATV, PTD and PTV were significantly associated with
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tumor size on presentation, with smaller tumors growing proportionally faster than larger
tumors. This finding is suggestive of Gompertzian growth kinetics, which theorizes that a
tumor’s growth rate is initially exponential and then decreases with increasing size21.

Although the relationship between tumor volume at presentation and observed growth
kinetics has been examined previously in non-functioning pituitary adenomas and
parathyroid tumors, these series are limited due to sample size and the assumption that the
growth kinetics of benign tumors is reflective of malignant disease22, 23. To date, the largest
body of data on the growth kinetics of solid organ tumors is based upon renal tumors. In a
study by Abou Youssif et al, the relationship between tumor volume at presentation and
observed tumor growth kinetics was evaluated in 44 renal tumors24. During a median follow
up of 41 months, the median change in tumor volume was 0.83 cc/year was not found to be
significantly associated with the tumor volume at presentation. Unfortunately, these authors
did not evaluate changes in volume relative to presenting tumor size as was done here.
Another study by Bratslavsky et al evaluated the observed growth rates of renal tumors in
von Hippel-Lindau patients. These authors noted a significant association between tumor
volume on presentation and changes in tumor volume during observation, with smaller
tumors growing faster than larger tumors25.

Delayed intervention was performed in 39% (68/173) of patients in the current series.
Interestingly, tumor size at initial presentation was not significantly associated with future
intervention. Observed tumor growth kinetics were significantly greater in patients who
eventually underwent delayed intervention compared to patients who continued surveillance.
This finding suggests that physicians’ and patients’ treatment decisions are being influenced
by a tumor’s observed growth kinetics. Unfortunately while it is assumed that active tumor
growth kinetics suggest unfavorable biological activity, a direct correlation is yet to be
demonstrated2. In fact, Kunkle et al reported, no difference in the incidence of benign and
malignant pathology between tumors on AS demonstrating interval growth and those which
did not exhibit interval growth. Additionally, in tumors which did demonstrate interval
growth, the rate of tumor growth does not predict malignant histology2, 26.

The primary argument against AS of renal tumors is the potential for stage progression,
especially in otherwise acceptable surgical candidates. Local stage progression represents
clinical or pathologic upstaging of disease incurred during a period of active surveillance.
While pathologic upstaging in renal tumors treated promptly has been reported in up to
31-38% of patients27, 28, a recent report on the delayed treatment of 54 pathologically
confirmed renal cell carcinomas noted the incidence of pathologic upstaging to be 6%8.
Additionally, treatment options offered were not altered in a single patient based upon
interval changes in radiographic appearance during the period of delay prior to intervention.
Progression to systemic disease is of much greater consequence due to the poor survival
associated with metastatic renal cancer. In agreement with previous reports, the rate of
progression to metastatic disease in current study was low at 1.3% (2/154). It is important to
note that all reported cases of progression to metastatic disease have been associated with
interval tumor growth2, 24, 26, 29, 30, and that the observed linear growth rate in these tumors
ranged from 0.20 – 1.3 cm/yr. However, the incidence of metastatic disease in populations
of patients undergoing AS of renal tumors is likely higher than reported due to several
factors including the relative short duration of follow-up, inclusion of benign disease in
some series, small tumor size, selective intervention of tumor demonstrating accelerated
growth kinetics, and the selection bias inherent to retrospective data sets.

Although the data presented in the current manuscript suggests that tumor size at
presentation is significantly associated with observed growth kinetics, several limitations
warrant consideration. First, the presented patient cohort represents a select and
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heterogeneous population of renal tumors undergoing at least 12 months of radiographic
observation for a number of indications. While the growth kinetics were compared between
tumors based upon size at presentation, the growth kinetics of individual tumors were not
evaluated over time. Thus, future evaluation with extended follow up of the growth kinetics
of individual tumors will be needed to validate or refute the current findings. Despite these
limitations, this series represents the largest to date reporting radiographic surveillance of a
solid human malignancy.

Conclusions
A significant association between tumor size at presentation and subsequent growth kinetics
was noted, with small tumors growing proportionately faster than larger tumors. This
finding is suggestive of Gompertzian growth kinetics, which theorizes that a tumor’s growth
rate is initially exponential and then decreases with increasing size. Although the available
data suggests that the majority of small asymptomatic renal tumors may be observed with a
low risk of disease progression, the excellent oncologic outcomes obtained with prompt
surgical intervention continues to imply that extirpative therapy in acceptable candidates
remains standard. Identification of clinical, radiographic, pathologic and molecular
correlates of a tumor’s biologic potential is essential to avoid potential over-treatment of
otherwise indolent asymptomatic tumors.

Condensed Abstract

Observed growth kinetics of renal tumors has a significant association with tumor
volume at presentation, with greater proportional growth in small tumors compared to
larger tumors. Surveillance of clinically localized renal tumors is associated with a low
rate of disease progression in the intermediate term and suggests potential over-treatment
biases in select patients.
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Figure 1.
Observed ATD (panel A) and ATV (panel B) of all tumors undergoing active surveillance.
Shaded areas at or below the zero axis represents no or negative interval tumor growth.
Shaded area above the zero axis represents positive interval tumor growth.
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Table 1

Patient Demographics and Tumor Characteristics on Presentation

Gender

 Female (%) 43 (28)

 Male (%) 111 (72)

Age (yr) Median 71

Mean 69

Range 35 - 88

Tumor size

 Maximal diameter (cm) Median 2.00

Mean 2·45

Range 0·40 - 12·00

 Volume (cm3) Median 4·18

Mean 20·0

Range 0·033 - 904

Radiographic characteristics

  Solid (%) 147 (85)

  Partially Cystic(%) 26 (15)

  Solitary lesion (%) 142 (82)

  Multifocal lesions (%) 31 (18)

Indication for AS

  Elective (%) 115 (75)

  Relative (%) 21 (13)

  Absolute (%) 18 (12)

Duration of Follow-Up
(months)

Median 24

Mean 31

Range 12 - 156
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Table 2

Tumor Growth Rates: Overall and Associations with Clinicopathologic Variables

Overall Growth per Year (n=173)

ATD ATV PTD PTV

Median 0.145 3 9.6 36

Mean (STD) 0.285(0.41) 17.0(71.6) 15(23) 104(250)

Range −1.40 - 2.47 −20.0 - 431 −42.2 - 160 −81 - 2043

Growth Rates and Clinicopathologic Variables

ATD ATV PTD PTV

Gender

 Male (n=111) 0.19 (0.29) 1.19 (9.49) 9.02 (15.0) 33.2 (109.8)

 Female (n=43) 0.19 (0.34) 2.00 (5.93 10.6 (17.4) 36.9 (105.5)

 p value 0.312 0.151 0.501 0.558

Age (n=173)

 R2 0.0164 0.000161 0.00186 0.0130

 p value 0.114 0.876 0.596 0.160

Size

 <2cm (n=71) 0.25 2.67 0.22 3.55

 2-4cm (n=80) 0.30 17.23 0.11 2.07

 >4cm (n=22) 0.37 62.77 0.07 0.52

 p value 0.783 0.0001 0.025 0.017

Multifocality

 Solitary (n=160) 0.28 12.6 0.15 2.45

 Multifocal (n=12) 0.28 5.4 0.18 3.01

 p value 0.577 0.966 0.219 0.183

Pathology

 Benign (n=9) 0.13 3.72 0.23 8.25

 Low Grade (n=40) 0.34 32.2 0.15 1.67

 High Grade (n=12) 0.53 16.5 0.36 3.98

 p value 0.629 0.230 0.396 0.405

ATD = Absolute tumor diameter (change in tumor diameter per year)

ATV = Absolute tumor volume (change in tumor volume per year)

PTD = Percent tumor diameter (% change in tumor diameter per year – relative change)

PTV = Percent tumor volume (% change in tumor volume per year – relative change)
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Table 3

Predictors of Delayed Intervention.

Continued AS Delayed Intervention p value

Age (yr)
Median 74
Mean 72

Range 35 - 87

Median 66
Mean 63

Range 35 - 88
0·0001

Gender (male/total) 73% (65/89) 71% (46/65) 0·856

Size at Presentation (cm)
Median 2·0
Mean 2·49

Range 0·8 - 9

Median 2
Mean 2·38

Range 0·4 - 12
0·442

Volume at Presentation (cm3)
Median 4·2
Mean 17·4

Range 0·27 - 381

Median 4·4
Mean 24·0

Range 0·0033 - 903
0·442

Duration of Follow-Up
(months)

Median 29
Mean 35

Range 12 - 156

Median 21
Mean 25

Range 12 - 96
0·0007

Zero Growth 30% (32/105) 19% (13/68) 0·112

ATD (cm/yr)
Median 0·17
Mean 0·24

Range −0·63 - 2·47

Median 0·26
Mean 0·34

Range −1·4 - 1·6
0·023

ATV (cm3/yr)

Median 1.06
Mean 5.74

Range −20.0 -
102.8

Median 2.48
Mean 11.3

Range −15 - 430
0.075

PTD (%)
Median 6.90
Mean 11.9

Range −25 - 75

Median 12.8
Mean 19.9

Range −42 - 160
0.015

PTV (%)
Median 24
Mean 78

Range −52 - 1374

Median 52
Mean 143

Range −80 - 2043
0·026

ATD = Absolute tumor diameter (change in tumor diameter per year)

ATV = Absolute tumor volume (change in tumor volume per year)

PTD = Percent tumor diameter (% change in tumor diameter per year – relative change)

PTV = Percent tumor volume (% change in tumor volume per year – relative change)
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Table 4

Pathologic Assessment in 68 patients undergoing active surveillance with delayed intervention.

Pathology

 Benign 9 (13)

  Oncocytoma 7 (10)

  Angiomyolipoma 2 (3)

 Malignant 57 (84)

  Histologic subtype

   Clear cell 39 (68)

   Papillary 15 (26)

   Chromophobe 2 (4)

   Collecting duct 1 (2)

  Stage

   T1a 36 (86)

   T1b 3 (7)

   T2 1 (2)

   T3a 1 (2)

   T3b 1 (2)

  Nuclear grade

   1 19 (36)

   2 21 (40)

   3 11 (21)

   4 2 (4)

 Unavailable 2 (3)
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