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ABSTRACT

Introduction: Increasing numbers of patients are now being incidentally detected with small-sized renal cell
carcinoma (RCC). The natural history of small renal masses is not completely understood. Currently, there are no specific
tumor markers to determine initial risk or progression to metastatic disease. Growth rate and tumor size are factors shown
to be predictive of tumor biology. In this study, we attempted to examine the natural history of RCC and calculated the
doubling times (DTs) of untreated RCC at the primary site.

Materials and Methods: We retrospectively reviewed the records of all patients with RCC who had at least two measurements
of the same tumor mass obtained on computed tomography (CT) imaging on two different dates (at least 6 months apart)
during periods of non-treatment. The tumor volume was calculated at two points in time using images yielded by the CT
imaging. The tumor DT was calculated using the following equation: DT = (T — T0) x log2/logV —logV0.

Results: Twenty-two (13 male and nine female) patients with ages ranging from 32 to 71 years (mean 52.22 years) were included
in the study. The initial maximum tumor diameter ranged from 2.8 to 6.8 cm (mean 3.93 cm) and the last maximum tumor
diameter ranged from 3.2 to 7.8 cm (mean 4.39 cm). The DT for the entire population was 460.01 days (range 174-913 days).
Conclusions: RCC is a diverse disease process, with the majority of lesions demonstrating malignant disorder. In our study,

INTRODUCTION

Renal cell carcinoma (RCC) accounts for 2-3% of all
adult malignant neoplasms, and is the most lethal of
the common urologic cancers. Traditionally, 30-40%
of patients with RCC die of their cancer, in contrast to
the 20% mortality rates associated with prostate and
bladder carcinomas.!'? Approximately 54,000 new
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the DT for the patient population was 460.01 days (range 174-913 days).
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diagnoses of RCC are made each year in the United States,
and 13,000 patients die of their disease.® The incidence of
RCC has been on the rise since the 1970s by an average of 3%
per year for whites and 4% per year for African-Americans,
largely related to the more prevalent use of ultrasonography
and computed tomography (CT) for the evaluation of a variety
of abdominal complaints.** RCC is a heterogeneous group of
tumors with varied degrees of biologic aggressiveness. The
majority of renal cortical neoplasms (80%) are known to be
malignant, but only 20-30% of malignant T'1a lesions have
potentially aggressive features.>®

The tumor volume doubling time (DT) is the time taken
by a tumor to double in volume. This concept was first
introduced by Collins et al.,”’ who showed that the growth
rate of malignant tumors was constant and exponential and
could be estimated in terms of the DT. The DTs of various
cancers have been described®’; however, the data on the
rate of cancer growth are difficult to collect because most
cancers are treated as soon as they are discovered. Data
on the growth rate of RCCs are limited. Birnbaum et al.l'”’
reported that RCCs in the primary site showed a mean linear
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growth rate of approximately 0.5 cm/year. In the present
study, we attempted to examine the natural history of RCC
and calculated the DTs of untreated RCC at the primary site.

MATERIALS AND METHODS

We retrospectively reviewed the records of all patients in
whom RCC had been diagnosed at our hospital between
June 2000 and January 2012. The records which contained
at least two measurements of the same tumor mass obtained
on different dates (at least 6 months apart) during periods of
non-treatment were selected. The exclusion criteria included
bleeding within the tumor, cystic-type tumor, tumor with
central necrosis and history of malignant diseases.

For each patient, the following background variables were
investigated: Age, gender, symptoms, factor precipitating
the diagnosis, clinical TNM classification, reasons for
avoiding surgical intervention, details of the drug therapy
administered during the follow-up period and outcome as
of the date of evaluation.

The maximum tumor diameter and the tumor volume were
calculated at two points in time using images yielded by the
same modality of diagnostic imaging. The tumor volume (V)
was calculated using the following equation, assuming the
tumor to have a spheroidal form:!!

V=[4/3xmxaxbx(a+b/2)]x1/8

where a indicates the maximum tumor diameter and b
denotes the minimum tumor diameter. The tumor DT was
calculated using the following equation:!'!

DT = (T - T0) x log2/logV —1ogV0

where T — T0 indicates the length of time between two
measurements and V0 and V denote the tumor volume at
two points of measurement.

Pathological findings were similarly noted in those patients
who underwent surgery after prolonged follow-up, and
included pTNM classification, tumor cell type, degree
of histological atypism, invasion and growth type. Data
were compared and aA P value of < 0.05 was considered
significant.

RESULTS

Twenty-two patients at our hospital were included in this
study. The details of the subjects are shown in Table 1. There
were 13 males and nine females, with ages ranging from 32
to 71 years (mean 52.22 years).

The initial maximum tumor diameter ranged from 2.8 to 6.8
cm (mean 3.93 cm), and the initial tumor volume ranged
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from 11.50 to 164.70 cm® (mean 38.20 cm?®) [Figures 1
and 2]. None of these patients were subjected to active
surveillance. The reasons for delay in treatment included
a wish to seek a second opinion in 31.81% of the patients.
A further seven (31.81%) patients were initially unfit to
undergo major surgery. Following adequate preparation,
which included angiography/angioplasty, all these seven
patients underwent surgery. Five patients postponed their
surgery due to the high costs involved. All these patients
were operated following grants from government health
schemes. The delay in treatment in three other patients
was due to a delay in getting permission from insurance
providers.

The last maximum tumor diameter ranged from 3.2 to
7.8 cm (mean 4.39 cm). The DT for the entire population
was 460.01 + 182.45 days (range 174-913 days) [Table 2].
When analyzed by background variables, the DT showed
no significant difference depending on any background
variables [Figures 3 and 4]. All patients underwent surgical
excision of the tumor. None of the patients developed
clinically/radiologically obvious metastases during this
period.

4. Pl¢ TR p

Figure 1: (a) Right-sided renal mass 4.7 cm x 3.8 cm at presentation in a
67-year-old female. (b) The same mass grew to 5.1 cm x 5.4 cm after a follow-up
of 190 days

Figure 2: (a) Initial contrast computed tomography showing a heterogeneously
enhancing mass measuring 6.7 cm x 6.7 cm, arising from the mid pole of
the left kidney. (b) Last CT image showing an increase in size of the renal
mass (7.8 cm x 7.4 cm). (c) CT angio image showing tumor blush due to
neovascularization
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Table 1: Background variables of the study patients

Age (years) Gender (%) Symptoms (%) Initial max diameter Initial TNM (%) Reason for delay in
(cm) treatment (%)
32-71 (mean 52.22) Male 13 (59.09) Asymptomatic 14 (63.63) 2.8-6.8 (mean 3.93+1.00) T1a 16 (72.72) 2™ opinion 7 (31.81)
Female 9 (40.90) Symptomatic 8 (36.36) T1b 6 (27.27) Cardiac fitness 7 (31.81)

Symptoms (hematuria,
pain, weakness)

Financial 5 (22.72)
Delay in insurance
sanction 3 (13.63)

TNM=Tumor nodes metastasis

Table 2: Tumor doubling time

Initial max tumor Last max tumor Initial volume of Last volume of Tumor doubling Final histology PTNM (%)
diameter (cm) diameter (cm) tumor (cm?) tumor (cm?) time (days) of the tumor (%)
Range Range Range Range Range Clear cell Ca T1a 10 (45.45)
2.8-6.8 3.2-7.8 11.50-164.70 17.16-248.57 174-913 20 (90.90)
Mean 3.93+1.00 Mean 4.39+1.04  Mean 38.20+34.24 Mean 52.25+49.34 Mean 460.01+182.45 Papillary cell Ca T1b 11 (50)
2 (9.09) T2 1 (4.54)
1000 1000
V=3.5968%+3226 200 +- > ¥=146.78%-116.44
900 R*=04718 R¥=0.6479
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800 —
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Figure 3: Correlation between the doubling time and the initial tumor volume

DISCUSSION

There has been an increase in the number of patients in
whom small-sized renal masses/RCC are being detected
incidentally during health checkups or detailed examination
conducted because of suspicion of other diseases. The
natural history of such incidentally diagnosed small renal
masses (SRM) is not well characterized, as the majority
of tumors are surgically removed soon after diagnosis.
As patients with this kind of tumor/carcinoma are often
symptom-free, at times patients refuse surgical treatment
without fully understanding the need for surgery, or are
left untreated (based on a tentative diagnosis of benign
cystic lesions, etc.) until a definite diagnosis of RCC is made.
There are also cases where the RCC is relatively large and
causes symptoms but is not treated surgically because of
complications and other reasons such as financial, fear of
surgery, unfit to undergo major surgery and ignorance.

RCCis a heterogeneous group of tumors with varied degrees
of biologic aggressiveness. The majority of renal cortical
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Figure 4: Correlation between initial maximum diameter and tumor doubling time

neoplasms (80%) are known to be malignant, but only
20-30% of malignant T1a lesions have potentially aggressive
features. Initial tumor size measured on pre-operative
imaging has been suggested as a variable to help predict
the natural history of such SRMs."” Frank et al,'™® who
reviewed a large series of 2935 renal tumors from a single
institution, demonstrated that for each 1-cm increase in
diameter there was a 17% increase in the likelihood of the
lesion being malignant. In addition, correlations were made
between tumor size and final pathological features such as
histology and tumor grade. Larger lesions were more likely
to be a clear cell or high grade as opposed to a papillary or
low-grade lesion.!"! Thompson et al.' confirmed similar
findings by reporting another retrospective series of 2675
tumors. A positive correlation existed between tumor size
and probability of malignancy, with a 16% increase in
the odds of cancer detection with each 1-cm increase in
tumor size. For tumors with clear cell histology, each 1-cm
increase in size increased the odds of high-grade disease by
25%.M" Laudano et al.l™ similarly demonstrated that the
initial tumor size predicted RCC histology. The majority
of tumors 4 cm or less (87.3%) were malignant, and 74.6%
showed clear cell histology. For every 1-cm increase in the
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diameter up to 4cm, the malignant tumors were 1.27-times
more likely to be a conventional RCC as opposed to another
RCC subtype.!™ Although there seems to be an association
between initial tumor size and pathological disorder, it is
also well known that most SRMs are malignant and that
only a fraction of these cases exhibit aggressive disease.
Gill et al.l'¥ reported on 100 tumors after laparoscopic
partial nephrectomy (LPN) with a mean size of 2.8 cm. In
this cohort, 70% of tumors were found to be malignant
and 30% benign, indicating that size is often unreliable in
determining malignancy.!!®!

A clinically localized, enhancing renal lesion has the
potential for progression to metastatic disease. Patients
with SRMs and on active surveillance or patients who
do not undergo surgery for any reason are at risk for
tumor growth and metastases. The first case of reported
progression was described in an active surveillance series
of 36 elderly patients who were at high surgical risk.
One patient developed metastatic disease 132 months
from initial diagnosis.'”’ The risk of progression of renal
masses of 4 cm or less seems to be generally low and, at
this time, there are no documented reports of metastasis
occurring in the absence of tumor growth. However, there
is no non-invasive, absolute or reliable way to distinguish
benign from malignant or indolent from aggressive tumors.
Patients must be aware that the potential for metastatic
disease exists and that there is some level, although quite
small, of risk involved in managing a small renal cortical
neoplasm with observation alone. In addition, patients
should be informed that progression may lead to a loss
in the ability to treat tumors with a nephron-sparing
approach, and that there are currently no curative therapies
for metastatic disease.

The most common and simplest method of reporting renal
lesion growth is to measure the linear growth. A more
accurate way to evaluate growth kinetics is by calculating
the volume of the mass. Volumetric growth better
quantitates cell number and biologic growth as compared
with maximal diameter, and can be determined on the
basis of the number of cross-sectional dimensions that are
known. Growth can then be expressed as tumor DT.'!l In
our study of 22 patients, the tumor DT ranged from 174 to
913 days (mean 460.01 + 182.45 days). During this period,
none of these patients developed clinically/radiologically
obvious metastases. Bosniak et al.l'"® carried out a study
and reported the growth rate, as determined from the
maximum tumor diameter of 37 cases of RCC (40 lesions),
to be 0-1.1 cm/year (mean: 0.36 cm/year). Their report
added that, of these 40 tumor lesions, 30 showed a growth
rate of < 0.5 cm/year and 19 lesions showed much slower
growth (<0.36 cm/year). Rendon et al.'" analyzed 13 cases
of small tumors and reported the mean growth rate for
these cases (excluding two cases with symptoms) to be
1.32 cm?®/year. Similarly, Oda et al.,*” analyzed the growth
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rate of maximum tumor diameter in 16 cases of RCC, and
reported it to be 0.10-1.35 cm/year in primary lesions and
0.08-7.87 cm/year in metastatic lesions.

As seen in our study, as well as that reported from some other
centers, it seems that it is difficult to collect data from an
adequate number of cases if the study is confined to a single
institution. The Japanese Society of Renal Cancer collected
data from 56 cases to calculate tumor DT and growth rate.
The data so collected would be useful in distinguishing
benign renal masses from RCC (especially when dealing with
SRMs), and also may be useful in determining the necessity
for surgical treatment.

CONCLUSIONS

The natural history of SRMs is not completely known as the
vast majority of these masses are either removed at diagnosis
or after a short period of observation. Moreover, there are
no tumor markers or absolute biologic predictors to assess
risk or progression to metastatic disease. Elucidation of
the natural history of renal cell carcinoma will contribute
to facilitation of differential diagnosis and determination
of surgical treatment. In our study, the DT for RCC was
460.01 + 182.45 days (range 174-913 days). When analyzed
by background variables, the DT showed no significant
difference depending on any background variables.
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