
441J. Comp. Eff. Res. (2016) 5(5), 441–452 ISSN 2042-6305

part of

Sociodemographic disparities in treatment 
and survival of small localized renal cell 
carcinoma: surgical resection versus 
thermal ablation

Nima Kokabi1, Minzhi Xing2, 
Richard Duszak Jr1, David H 
Howard3, Juan C Camacho1 
& Hyun S Kim*,2,4

1Department of Radiology & Imaging 

Sciences, Emory University School of 

Medicine, Atlanta, GA, USA 
2Division of Interventional Radiology, 

Department of Radiology & Biomedical 

Imaging, Yale School of Medicine, 

New Haven, CT, USA 
3Department of Health Policy & 

Management, Rollins School of Public 

Health, Emory University School of 

Medicine, Atlanta, GA, USA 
4Yale Cancer Center, Yale University, 

New Haven, CT, USA 

*Author for correspondence: 

Tel.: +1 203 785 6938 

Fax: +1 203 785 3024 

kevin.kim@yale.edu

Research Article

10.2217/cer-2016-0014 © 2016 Future Medicine Ltd

J. Comp. Eff. Res.

Research Article 2016/07/30
5

5

2016

Aim: To investigate national practice trends in the use of surgical resection (SX) versus 
thermal ablation (TA) for the management of T1aN0M0 renal cell carcinoma with 
regard to sociodemographic factors and associated outcomes. Materials & methods: 
Patients diagnosed in 2004–2011 were identified using the Surveillance, Epidemiology 
and End Results registry. Sociodemographic factors predicting the use of surgery versus 
TA were determined using logistic regression. Cancer-specific survival was estimated 
using Kaplan–Meier method. Results: Overall, 19,136 (92.9%) patients underwent SX 
versus 1468 (7.1%) TA. Patients who were unmarried, diagnosed between 2008 and 
2011, Caucasian, aged ≥70 years, insured, residing in Pacific Coast and Northern Plains, 
and in metropolitan areas with higher median family income had higher likelihoods 
of undergoing TA. Age-adjusted cancer-specific survival was similar in the two groups. 
Conclusion: Despite similar survival outcomes between SX versus TA, management 
of T1a renal cell carcinoma lesions may be influenced by a variety of nonclinical 
sociodemographic factors.
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With approximately 65,000 new cases diag-
nosed each year, renal cell carcinoma (RCC) 
is the most common primary kidney cancer 
in the USA [1]. Over the past several decades, 
there has been a steady increase in the inci-
dence of RCC, particularly in its early stages 
as an incidental finding  [2,3], thought to be 
in large part attributable to the increased 
utilization of cross-sectional imaging in the 
USA as well as epidemiological factors such 
as an aging population, obesity and tobacco 
use  [2–4]. The annual cost of treatment of 
RCC in the elderly population is estimated 
to be up to US$4 billion  [5]. While radical 
nephrectomy (RN) has traditionally been the 
treatment of choice for small organ-confined 
RCC, more recent transnational recommen-
dations advocate nephron sparing partial 
nephrectomy (PN) as the standard of care 

in order to maximize renal function preser-
vation and minimize associated long-term 
comorbidities [6,7].

Both US and European guidelines include 
less invasive thermal ablation (TA) tech-
niques – specifically radiofrequency ablation 
(RFA) and cryoablation (CRA) – as recom-
mended treatments for organ confined lesions 
≤4 cm (T1aN0M0) in patients with signifi-
cant comorbidities and surgical risks  [6,7]. 
However, they also recommend that these 
ablative techniques be discussed with low-
risk patients with T1a lesions as less invasive 
treatment options [6,7].

Single center studies have shown that 
long-term overall and progression-free sur-
vival are similar in patients with organ con-
fined lesions ≤4 cm (T1aN0M0) managed by 
either surgical resection (SX; PN and RN) 
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or less invasive TA (RFA and CRA)  [8,9]. Although 
PN has shown to preserve renal function with similar 
disease recurrence and survival outcomes as compared 
with RN  [10,11], there is substantial morbidity associ-
ated with both open and laparoscopic PN that could 
be minimized if TA were adopted more broadly [10].

Using a large US national oncologic database, we 
aimed to evaluate contemporary clinical practice in 
the utilization of surgery versus TA in the management 
of T1a RCC, to determine sociodemographic factors 
that may predict receipt of surgery versus ablation, 
and to evaluate the survival efficacy of both treatment 
modalities.

Materials & methods
Data source
The patient de-identified Surveillance, Epidemiology, 
and End Results (SEER) database used for this study 
is HIPAA compliant and publicly available. Local 
institutional review board exemption was obtained.

The National Cancer Institute SEER database 
comprises 18 regional registries in the USA covering 
28% of the US population  [12]. We utilized the data-
base released in December 2014 containing patients 
diagnosed through 31 December 2011 and followed 
through 31 December 2012. The SEER registry 
contains information on type of cancer, staging, sur-
vival outcome and detailed patient demographics. It 
also contains various socioeconomic variables related 
to patients’ residential ZIP codes based on 2010 US 
Census data. Information on patients’ first course of 
cancer therapy is included, as well the date and cause 
of death. Because TA only became widely utilized as 
a viable treatment option during the last decade, only 
data since year 2004 forward were included.

Patient selection
We identified RCC patients diagnosed between 2004 
and 2011 using International Classification of Disease 
for Oncology ICD-O3 code C64.9 (‘kidney, not oth-
erwise specified’). Using available histologic data, all 
patients with urothelial carcinoma and other non-RCC 
tumors were excluded. Only patients with T1aN0M0 
(≤4 cm renal confined tumor) stage disease accord-
ing to latest American Joint Committee on Cancer 
(AJCC) staging system [13] were considered. We lim-
ited the sample to patients receiving TA (RFA [SEER 
code 15] and CRA [SEER codes 13 & 23], open SX  
[renal-sparing/partial nephrectomy (PN [SEER code 
30])], and radical nephrectomy [RN (SEER codes 
40, 70, 80)]). Patient sociodemographic information 
analysis included age, gender, ethnicity, marital status, 
geographic location, and education and income level 
based patient’s residential ZIP code. SEER registry 

clinical data, including tumor histology and size were 
also evaluated as predictor of receipt of certain type of 
curative therapy.

Statistical analysis
Sociodemographic, geographic and clinical determi-
nants of the use of surgery versus TA were evaluated 
using Chi-square and logistic regression models. To 
evaluate more recent changes in the utilization of 
treatment modalities, subanalysis of differences in the 
utilization of TA between 2004 and 2007 versus 2008 
and 2011 was also performed. Cancer-specific survival 
(CSS) was estimated by Kaplan–Meier (KM) analy-
sis from time of diagnosis to ‘death related to specific 
cancer diagnosis’ as recorded in SEER. Log-rank test 
(univariate) and cox-regression (multivariate) analyses 
were performed to identify predictors of survival. All 
database programming, statistical analysis and data 
management were performed using SAS (version 10, 
Cary, NC, USA).

Results
Baseline characteristics
Between years 2004 and 2011, 22,735 patients 
with T1aN0M0 RCC as their first primary cancer 
were identified. The median age of the cohort was 
63.5 years (standard deviation [SD]: 12.9 years) and 
13,618 (59.9%) were male. Overall, 20,604 patients 
underwent either SX or TA. SX was performed in 
19,136 (92.9%) patients whereas 1468 (7.1%) patients 
underwent a form of TA therapy. Within the surgical 
group, 10,313 (50.1%) patients underwent RN and 
8823 (42.8%) underwent PN. In the TA group, 1091 
(5.3%) were treated with CRA whereas 377 (1.8%) 
were treated with RFA. The 2131 patients who did 
not receive any curative cancer-directed therapy dem-
onstrated a significantly older median age of 72.1 
years (SD: 10.3 years) vs 60.1 years (SD: 11.7 years) 
for those who underwent curative therapy (p < 0.001). 
Table 1 summarizes the baseline characteristics of 
patients undergoing surgery versus TA.

Sociodemographic & clinical predictors of 
receiving TA
On univariate analysis (UVA), patients who were 
unmarried, ≥70 years of age, of Caucasian ethnicity, 
diagnosed after year 2007, living in metropolitan areas, 
in Pacific Coast or Northern Plains regions, residing 
in areas with higher median family income, and those 
with health insurance demonstrated increased likeli-
hoods of undergoing TA (Table 2). In terms of tumor 
characteristics, there was a statistically significant dif-
ference in the use for TA for lesion ≤2 cm versus those 
between 2.1 and 4.0 cm (p = 0.012). Furthermore, 
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patients with an unspecified histology result (‘RCC 
nonspecified’) as well as those with papillary RCC 
were found to be more likely to undergo TA as com-
pared with other histologies. When comparing recent 
changes in the use of TA, there has been a significant 
increase in the use of TA compared with surgery in 
more recent years. Between 2004 and 2007, on aver-
age 5.2% of all T1N0M0 RCC’s were treated with TA 
(Figure 1); this increased to 9.1% between 2008 and 
2011 (p<0.001).

In multivariate analysis (MVA), age ≥70 years, diag-
nosis after 2007, living in the Pacific region, being of 
Caucasian decent, living in large metropolitan areas 
with higher median family incomes, and better insur-
ance status were all found to be independent determi-
nants of receipt of TA (Table 2). Tumor size of ≤2 cm 
was also found to be predictor of receipt of TA over 
surgery (p < 0.001).

Therapeutic outcome
Median follow-up for the entire cohort was 33.1 months 
(SD: 23.4 months). CSS from time of diagnosis was 
estimated by KM analysis. All further analysis was per-

formed based on CSS for patients who received curative 
therapy. For patients undergoing curative therapy, CSS 
from the time of diagnosis was 81.3 months (95% CI: 
81–81.4 months). Median CSS could not be calculated 
because the majority of patients (98%) remained alive 
throughout follow-up. The cohort’s 1-, 2- and 3-year 
survival rates were 98.7, 98.4 and 98.2%, respectively. 
There were no statistically significant difference in the 
survival rates of patients undergoing surgical treatment 
versus those undergoing TA. Specifically, the 1-, 2- and 
3-year survival rates for the surgery group were 98.7, 
98.4 and 98.2% versus 98.6, 98.5 and 98.3% for the 
TA group (p > 0.05).

When adjusted for age, using cox regression model, 
there was no statistical difference in CSS between the 
surgery versus TA groups (p = 0.218; Figure 2). illus-
trates KM survival analysis of patients in the surgery 
and TA groups. Age was found to be independent pre-
dictor of survival in patients undergoing curative ther-
apy both on UVA and MVA (Table 3). Insurance status 
was found to be predictor of survival on UVA. When 
adjusted for age, no sociodemographic or clinical factor 
was found to be predictor of survival on MVA.

Figure 1.  Longitudinal trends in the utilization of thermal ablation for treatment of T1a renal cell carcinoma 
lesions demonstrating significantly increased used of thermal ablation, specifically cryoablation between 2004 
and 2011. However, the proportion all T1a lesions treated with thermal ablation remains below 10%. 
CRA: Cryoablation; RFA: Radiofrequency ablation (x-axis representing % of patients treated with either RFA or 
CRA). 
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Discussion
According to both guidelines of both USA and Euro-
pean urological societies, nephron sparing surgery is the 
treatment of choice for patients with T1a lesions who 
are suitable surgical candidates  [6,7]. These guidelines 
recommend TA or active surveillance for T1a lesions 
in patients who are poor surgical candidates, with both 
guidelines acknowledging higher local tumor recurrence 
rates and incomplete ablation in patients treated with 
TA [6,7]. Those recommendations, however, are based on 
older ablation data with incomplete ablation rates of up 
to 20%  [14]. This is likely playing a major role on the 
type of therapies patients have received in recent years, 
in other words, 90%+ patients undergoing surgery.

More recent predominantly single-center studies 
report similar oncologic outcomes between surgery and 
TA with regard to both overall and recurrence-free sur-
vival for T1a and T1b lesions upon long-term follow-
up [8,9]. With newer ablative technology and techniques, 
local tumor recurrence requiring second ablations 
ranges from 4 to 8% for T1a RCC tumors [9,15]. Using 
a large national cancer database with median follow-
up period of approximately 3 years, our study confirms 
similar oncologic outcome for T1a lesions between 
surgical and TA groups.

Studying SEER data for patients with T1N0M0 
RCC lesions (≤7 cm) diagnosed between 2004 and 
2007, Choueiri  et  al. reported that only 3.8% of 
patients underwent TA, with male gender, older age, 
single relationship status and tumor size of ≤4 cm all 
identifiable as independent predictors of receipt of 
TA  [16]. With approximately 2 years median follow-
up, the same study demonstrated no statistically 
significant difference in CSS or OS  [16]. An older 
SEER study investigating patients with lesions less 
than 4 cm between 1998 and 2007 reported a two-
fold increased risk of kidney cancer death with TA 
compared with nephron-sparing surgery (hazard ratio 
[HR]: 1.9; 95% CI: 1.1–3.3 [p = 0.02]); however, the 
absolute difference in survival at 5 years was very 
small (98.3% for surgery vs 96.6% for TA) and was 
thought to be significant only in patients in long life 
expectancies [17]. In our study, with longer follow-up, 
we also found no difference in CSS when adjusted for 
age. Similar to Choueiri et al. study, we found older 
age and single relationship status to be predictors of 
receipt of TA.

Additionally, several regional, ethnic and sociode-
mographic disparities predicting the receipt of TA 
over surgery were identified; these included Cauca-

Figure 2.  Kaplan–Meier estimation of cancer-specific survival adjusted for age demonstrating no difference in 
survival between thermal ablation and surgical group (p = 0.218).
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Table 3. Univariate and multivariate analysis of prognostic factors for overall survival and time-to-progression of 
disease.

Prognostic factor Univariate analysis Multivariate analysis

  Mean survival 
months

p-value HR p-value

Age (years):

– <70 years 82.2 <0.001 1.93 <0.001

– ≥70 years 80.9      

Gender:

– Male 81.5 0.47 1.08 0.34

– Female 81.7      

Race:

– Caucasian 81.8 0.18 0.89 0.49

– Black 80.9      

– Others 81.7      

Urban vs rural:

– Metropolitan 81.1 0.13 1.13 0.51

– Small urban 81.4      

– Rural 80.7      

Region:

–Alaska 80.5 0.71 1.21 0.38

– Northern Plains 81.4      

– Pacific Coast 81.7      

– East 81.1      

– Southwest 80.9      

Family status:

– Single 81.8 0.08 1.03 0.41

– Married 81.5      

Education (% bachelor degrees):

– <20 81.3 0.06 0.95 0.31

– ≥20 81.8      

Median family income (US$):

– ≤58,000/year 81.2 0.54 0.87 0.63

– >58,000/year 81.7      

Insurance status:

– Insured 82.1 0.001 1.26 0.09

– Uninsured 80.4      

Tumor size:

– ≤2 cm N/A N/A N/A N/A

– 2.1–4 cm        

Histology:

– RCC (unspecified) 81.3 0.46 0.94 0.43

– Clear cell 81.5      

HR: Hazard ratio; N/A: Not applicable; RCC: Renal cell carcinoma; TA: Thermal ablation.
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sian ethnicity, living in metropolitan or large urban 
area, living in the Pacific Coast or Northern Plains 
SEER regions, living in ZIP code areas with higher 
levels of college education and median family income 
and better insurance coverage. The socioeconomic 
and demographic differences could be in part related 
to a wider availability of ablative technology in larger 
(hence urban/academic) centers that in turn are more 
likely to be accessible to higher socioeconomic status 
with more ease.

While the findings in our study confirm similar 
efficacy of surgery and TA for T1a RCC lesion as sug-
gested by more recent single-center studies [8,9], it also 
demonstrates substantial potential underutilization 
of TA based on regional and sociodemographic dis-
parities. These suggest issues related to access to more 
contemporaneous therapy (i.e.,  less invasive TA). 
Although PN aims to preserve renal function in the 
long term, there remains a substantial risk of chronic 
kidney disease due to warm ischemia, particularly 
in the setting of laparoscopic PN  [18]. Furthermore, 
despite a shorter recovery time and less blood loss in 
laparoscopic PN, it is associated with increased major 
complication rates compared with open PN [10,19]. On 
the other hand, TA techniques have lower compli-
cation rates, shorter recovery periods and improved 
long-term renal function preservation compared 
with SX [9,20]. There is also significantly lower direct 
procedural cost associated with TA compared with 
surgery; the predominantly outpatient management 
of TA patient also eliminates the need for postproce-
dural hospital stays, further decreasing the associated 
short-term economic burden of TA [21].

As previously demonstrated by Pandharipande and 
colleagues, with similar efficacy between surgery and 
TA, the lower direct procedural costs and indirect costs 
as well as favorable short- and long-term complications 
of TA compared with SX makes TA therapy more 
attractive, particularly in an era of healthcare reform 

with tremendous emphasis on promoting cost-effective 
therapies [22].

The limitations of this study include the inability 
to differentiate percutaneous and surgical ablation 
using the SEER database alone. Furthermore, the 
SEER database only records the first curative therapy 
patients receive and does not record recurrence-free 
survival. Hence, the true rate of further therapies 
related to tumor recurrence as well as associated short- 
and long-term complications cannot be analyzed. 
Moreover, the median follow-up period achieved in 
this was relatively short (∼3 years) which may cause 
inadequate evaluation of difference in CSS between 
TA and surgery. Additionally, the SEER database does 
not contain billing information and hence does not 
track follow-up imaging studies the patients undergo 
after either TA or surgery. Furthermore, the retro-
spective nature of the study makes the relationship 
between sociodemographic factors and likelihood of 
receiving various therapies less definitive. Finally, the 
presence of comorbidity affecting survival and type 
of therapy received is not available on SEER dataset. 
Several of these limitations can be addressed using 
SEER-Medicare database utilizing detailed patient-
specific Medicare claims information. Our group is 
currently pursuing subsequent more detailed work 
using linked SEER-Medicare claims data.

Conclusion
An analysis of large national cancer database demon-
strates significant sociodemographic disparities that 
may influence the use of surgery versus TA to treat 
small localized RCCs. Despite similar oncologic effica-
cies of both therapies, there is relative underutilization 
of less invasive TA procedures.
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Prognostic factor Univariate analysis Multivariate analysis

  Mean survival 
months

p-value HR p-value

Histology (cont.):

– Papillary 81.1      

– Chromophobe 81.2      

Treatment:

– TA 81.7 0.56 1.03 0.27

– Surgery 80.9      

HR: Hazard ratio; N/A: Not applicable; RCC: Renal cell carcinoma; TA: Thermal ablation.

Table 3. Univariate and multivariate analysis of prognostic factors for overall survival and time-to-progression of 
disease (cont.).
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Executive summary

•	 Increased incidence of early stage renal cell carcinoma (RCC) in the past 20 years due to increased use of  
cross-sectional imaging.

•	 Current American and European Urologic Associations guidelines recommend thermal ablation (TA) only in 
patients who are not good surgical candidates.

•	 These guidelines are based on older data that reported significantly higher rate of local disease recurrence in 
patients treated with TA.

•	 Newer data suggest similar recurrence rate and oncologic outcome between TA and surgery in T1a RCC 
lesions.

•	 This study demonstrated significant underutilization of TA compared with surgery for management of T1a 
RCC lesions.

•	 The cancer-free survival was similar between the two groups.
•	 Several demographic and socioeconomic factors may play a role in the likelihood of patients receiving TA 

versus surgery.
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