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Purpose: We present oncological outcomes at a followup of 10 years or greater
after laparoscopic radical nephrectomy for cancer.
Materials and Methods: Between February 1994 and March 1999 a total of 73
laparoscopic radical nephrectomies were performed by 2 surgeons for pathologi-
cally confirmed renal cell carcinoma. Data were obtained from patient charts,
radiographic reports, telephone followup and a check of the Social Security Death
Index.
Results: Mean followup was 11.2 years (range 10 to 15). Each patient completed
a minimum 10-year followup. Mean patient age at surgery was 60 years. Mean
tumor size on computerized tomography was 5 cm (range 1.7 to 13). Pathological
stage was pT1a in 41% of cases, pT1b in 30%, pT2 in 15%, pT3a in 10%, pT3b in
3% and pT4 in 1%. High grade tumors (Fuhrman 3 or greater) were present in 18
cases (28%). A positive surgical margin occurred in 1 case. Actual 10-year overall,
cancer specific and recurrence-free survival rates were 65%, 92% and 86%,
respectively. Overall, cancer specific and recurrence-free survival rates at 12
years were 35%, 78% and 77%, respectively. At a mean of 67 months 10 patients
(14%) had metastatic disease, of whom 8 (11%) died.
Conclusions: Long-term oncological outcomes after laparoscopic radical nephrec-
tomy for renal cell carcinoma are excellent and appear comparable to those of
open surgery.
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SINCE Clayman et al reported the first
LRN,1 this technique has gained in
popularity. Currently LRN is consid-
ered the standard of care in most pa-
tients with organ confined renal malig-
nancy who are not eligible for a
nephron sparing procedure. LRN has
intermediate term oncological out-
comes equivalent to those of ORN.2–6

However, long-term oncological out-
comes after LRN are sparse in the pub-

lished literature. We document long-
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term (greater than 10 to 15 years)
oncological outcomes after LRN for
RCC.

MATERIALS AND METHODS

Between February 1994 and March 1999,
73 of 106 consecutive patients who under-
went LRN had pathologically confirmed
cancer. Demographic, operative and postop-
erative parameters were analyzed from pro-
spectively maintained, institutional review

board approved electronic databases. Re-
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sults of followup evaluations, and overall, recurrence-free
and cancer specific survival data were retrospectively ob-
tained from patient charts, telephone followup and a review
of the Social Security Death Index.

LRN was performed transperitoneally or retroperitone-
ally according to accepted techniques.1,7 The 2002 American
Joint Committee on Cancer guidelines were used for patho-
logical staging. Stage and grade data were obtained from
archived pathology reports. Regional lymphadenectomy was
not routinely done in this historical cohort. Because nodal
status data were missing in most of these reports, we did not
include that variable in analysis. Our followup protocol con-
sisted of chest x-ray, abdominopelvic computerized tomogra-
phy and a complete metabolic profile every 6 months for 2
years and then annually for 10 years.

Statistical analysis was done using JMP®, version 7.
Kaplan-Meier survival methodology was used to generate
survival curves with differences considered statistically
significant at p �0.05.

RESULTS

A total of 73 consecutive patients with pathologi-
cally confirmed RCC underwent LRN from 1994
through 1999, as performed by 2 surgeons (LRK and
ISG). Mean � SD patient age was 60 � 14 years
(median 59, range 29 to 88) and 62% of patients had
an American Society of Anesthesiologists score of 3
or greater (table 1). Mean � SD hospital stay was 63
� 38 hours (median 72, range 23 to 192). Two cases
were converted to open surgery, including 1 with a
7.1 cm T2 tumor and 1 with a 9.5 cm T4 tumor
invading the liver. Intraoperative complications de-
veloped in 2 patients (3%), including bowel injury
requiring 8 cm bowel resection in 1 and superficial

Table 1. Baseline demographic and perioperative data

No. male (%) 48 (66)
Mean � SD kg/m2 body mass index/median

(range)
29 � 7/28 (17–57)

No. American Society of Anesthesiologists
score (%):

1 2 (3)
2 25 (35)
3 36 (51)
4 8 (11)

No. rt tumor (%) 37 (51)
Mean � SD cm tumor size on computerized

tomography/median (range)
5 � 2.5/4.5 (1–12)

Mean � SD yrs followup/median (range) 11.2 � 1.1/10.9 (10–15)
No. transperitoneal laparoscopic approach (%) 40 (55)
Mean � SD mins operative time/median

(range)
225 � 80/210 (82–500)

Mean � SD cc estimated blood loss/median
(range)

152 � 214/100 (20–1,200)

Mean � SD gm specimen wt/median (range) 536 � 332/420 (95–1,328)
No. converted to open (%) 2 (3)
Mean � SD days resumed oral

intake/median (range)
0.5 � 0.7/0.5 (0–1)

Mean � SD days to ambulation/median 0.5 � 0.7/0.5 (0–1)

(range)
splenic laceration managed conservatively in 1.
Postoperative complications developed in 10 pa-
tients (14%), including ileus (2), Clostridium difficile
colitis (1), hematoma in the paracolic gutter requir-
ing transfusion (1), deep vein thrombosis (1), wound
dehiscence (1), stroke (1), pneumothorax and umbil-
ical hernia (1), and wound infection at the extraction
incision and at the port site in 1 each.

All 73 patients had pathologically confirmed RCC.
High grade disease (Fuhrman 3 or greater) was
present in 18 patients (28%) (table 2). Pathological
stage was pT1a in 29 patients (41%), pT1b in 21
(30%), pT2 in 11 (15%), pT3a in 7 (10%), pT3b in 2
(3%) and pT4 in 1 (1%). One patient (1.5%) had a
positive surgical margin.

Social Security Death Index data were available
on 69 patients (94%) at the time of this report. How-
ever, complete followup data were available on 56
patients (77%). Mean followup was 11.2 years (range
10 to 15) in the entire cohort. Retroperitoneal or
transperitoneal surgical approach did not correlate
with the complication, recurrence or survival rate.

At 10 and 12 years overall survival was 65% and
35%, cancer specific survival was 92% and 78%, and
recurrence-free survival was 86% and 77%, respec-
tively (table 3 and fig. 1). Cancer specific survival for
T1 tumors at 10 and 12 years was 95% and 87%, and
for T2 or greater tumors it was 88% and 38%, respec-
tively (fig. 2, A). Recurrence-free survival for T1 tu-

Table 2. Pathological findings

No. Pts (%)

Grade:
1 10 (16)
2 37 (57)
3 15 (23)
4 3 (5)

Histology:
Clear cell 50 (68)
Papillary 15 (21)
Chromophobe 1 (1.5)
Sarcomatoid 1 (1.5)
Unclassified 6 (8)

Table 3. Oncological outcomes

Overall Survival Ca Specific Survival
Recurrence-Free

Survival

8 Yrs:
No. pts 56 56 52
% (95% CI) 76 (71–81) 94 (91–97) 95 (92–98)

10 Yrs:
No. pts 47 47 33
% (95% CI) 65 (59–61) 92 (89–95) 86 (81–91)

12 Yrs:
No. pts 11 11 10

% (95% CI) 35 (27–43) 78 (70–86) 77 (70–84)
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mors at 10 and 12 years was 93% and 86%, and for T2
or greater tumors it was 68% and 57%, respectively.
Cancer specific survival at 10 and 12 years for Fuhr-
man grade 1-2 disease was 98% and 82%, and for
Fuhrman grade 3-4 disease it was 75% and 57%, re-
spectively (fig. 2, B). Since data on the current status
or cause of death were unavailable on 8 patients, we
used secondary analysis for cancer specific survival, in
which all 8 were presumed to have died of metastatic
kidney cancer. As a result, recalculated 10 and 12-year
cancer specific survival was 84% and 60%, respec-
tively.

Of the patients 38 (52%) died, including 30 (41%)
from noncancer causes and 8 (11%) from cancer re-
lated causes. By 10 years 20 patients had died of non-
cancer related causes and 5 had died of cancer related
causes. Noncancer related mortality occurred at a me-
dian interval of 8 years (range 1 month to 13.3 years).
Cancer related mortality occurred at a median inter-
val of 6.7 years (range 7 months to 11.4 years). Cancer
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Figure 2. Cancer specific survival Kaplan-Meier curves. A, tumor s
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Figure 1. Ten-year Kaplan-Meier curves of overall (dark gray
curve), cancer specific (black curve) and recurrence-free (light
gray curve) survival since surgery.
B, tumor grade 1–2 (gray curve) vs 3 or greater-4 (black curve) (log ra
recurrence was noted in 8 patients (11%) with a me-
dian time to recurrence of 8.4 years (range 7 months to
10.8 years). Recurrence sites were lung in 4 cases,
bone in 1, lung and bone in 1, liver and abdominal
lymph nodes in 1, and lung, mesentery, pancreas and
liver in 1. One patient had T3aNxM1/grade 3 disease
(lung and cervical lymph nodes metastases) at LRN.
He died 7 months postoperatively. Another patient
with T4/grade IV disease with sarcomatoid features
had a 9.5 mass invading the liver at nephrectomy. He
had a positive surgical margin and died 10 months
after surgery (table 4).

DISCUSSION

LRN is now the standard surgical treatment for organ
confined renal tumors not amenable to nephron spar-
ing surgery. However, long-term oncological outcome
data in a large number of patients are sparse. We
present long-term oncological outcomes in 73 patients
who underwent LRN for pathologically confirmed
RCC, each with a minimum of 10 years of followup.

Several studies show decreased morbidity for
LRN with a decrease in analgesic requirements, less
estimated blood loss, shorter hospital stay and rapid
convalescence.2,3,8 In a randomized clinical trial
Burgess et al compared perioperative outcomes of
open and laparoscopic nephrectomy.8 They reported
equivalent operative time (mean 105 and 93 min-
utes, respectively), estimated blood loss, hospital
stay, complications and mortality rate between the 2
approaches. However, the postoperative visual ana-
log pain score and convalescence were superior for
the laparoscopic approach.

Long-term oncological outcomes after ORN are
well documented. A large retrospective study from
UCLA described 5-year cancer specific survival of
91% and 94% for T1N0 and T2N0, respectively.9

However, when lymph node status was not avail-
able, survival decreased to 90% and 74%, respec-
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tively. Javidan et al also noted higher cancer specific
survival after ORN in patients with T1N0 vs T2N0
(95% vs 88%).10 Ficarra et al reported that 5 and
10-year cancer specific survival rates for ORN and
nephron sparing surgery were 97.4% and 95.6% for
pT1a, 92.5% and 89.8% for pT1b, and 89.3% and
78.5% for pT2 disease, respectively.11

Long-term data after LRN remain sparse. Permpong-
kosol et al compared 67 patients who underwent LRN to
54 with ORN at a median followup of 73 and 80 months,
respectively.4 Ten-year actuarial disease-free, cancer
specific and overall survival in the laparoscopic group
was 94%, 97% and 76% compared with 87%, 86% and
58%, respectively, in the open group (p �0.05).

Hemal et al reported on 132 patients with pT1–pT2
RCC treated with LRN.5 For stages pT1a, pT1b and
pT2 the 5-year recurrence-free survival rate was 97%,
84% and 82%, and the 5-year cancer specific survival
rate was 97%, 86% and 82%, respectively. Portis et al
reported 5-year recurrence-free survival, cancer spe-
cific and overall survival rates of 92%, 98% and 81%,
respectively.6 Various studies show similar results for
localized renal cancer with disease-free, cancer specific
and overall survival rates of 91% to 94%, 91% to 97%
and 78% to 88% for LRN,2–4 and 89% to 91%, 92% to
94% and 79% to 94% for ORN, respectively.12–14

Table 4. Characteristics of patients with metastasis

Pt No.—Age—Gender Stage/Grade Metastatic Site

1—54 —M T1b/G3 Lung, invading 5th rib
2—69 —M T1b/G4 Bone
3—46 —M T1b/G3 Liver � abdominal lymph nodes
4—55 —M T2/G1 Lung � bone
5—57 —F T2/G2 Lung, mesentery, pancreas � liver
6—58 —M T1b/G3 Lung
7—55 —M T1b/G3 Lung
8—48* —M T3a Lung, cervical lymph nodes
9—53 —M T2 Lung

* Metastatic disease at nephrectomy.

Table 5. LRN series

% Recurrence-
Free Survival

% Ca Specific
Survival

% Overall
Survival

References (stage) 5 Yrs 10 Yrs 5 Yrs 10 Yrs 5 Yrs 10 Yrs

Hemal et al2 (T2) 92 95 88
Colombo et al:3

T1, T2 91 91* 91 91 78 72*
T1 97 96 63
T2 66 44

Permpongkosol et al4

(T1, T2)
94 94† 97 97† 85 76†

Present series:
T1, T2 92 86 94 92 83 65
T1 93 93 95 95 81 69
T2 92 86 90 83 81 57

* Seven-year data.

† Actuarial.
Our primary aim was to report LRN oncological
outcomes at 10 years. Compared to other laparo-
scopic series our cohort shows equivalent long-term
oncological rates (table 5). Our actual 10-year recur-
rence-free, cancer specific and overall survival rate
was 86%, 92% and 65%, respectively and the actu-
arial 12-year recurrence-free, cancer specific and
overall survival rate was 77%, 78% and 35%.

An important issue when evaluating the long-
term efficacy of oncological surgery is local recur-
rence. In our cohort no patient had local or port site
recurrence. All 8 patients with recurrence had more
aggressive disease with stage T1b or greater, of
whom 5 also had high grade tumors. Seven patients
with metastatic disease had lung metastases. One
patient already had a T3a tumor, and pulmonary
and cervical metastasis at diagnosis. He died 7
months after radical nephrectomy. We noted no dif-
ference in oncological outcomes in patients undergo-
ing transperitoneal or retroperitoneal LRN.

A particular study finding is the apparent bimodal
pattern of cancer recurrence close to 1 year or at 10
years after surgery. Late cancer relapse developed in 5
patients. Mean time to recurrence was 6.2 years. In
previous reports 20% to 30% of patients with localized
tumors had relapse after radical nephrectomy.15 Less
than 5% had local recurrence with lung the most met-
astatic site, occurring in 50% to 60% of patients.15

Median time to relapse after nephrectomy was 15 to 18
months and 85% of recurrences develop within 3
years.15 However, metastases have been reported up
to 25 years after radical nephrectomy.16 As such, we
support future long-term studies to define the optimal
imaging protocols for long-term followup after LRN.

The role of lymphadenectomy for RCC in the ab-
sence of clinically evident nodes is controversial.4 A
prospective, randomized trial assessed the need for
lymphadenectomy in patients undergoing lymph node
dissection and radical nephrectomy (346) vs radical
nephrectomy alone (332), and showed a 4% incidence
of unsuspected lymph node metastasis.17 At a median
followup of 12.6 years there was no difference in over-

s to Metastasis Additional Treatment Mos to Postop Death

108 Anti-angiogenic 120
8 Interleukin � interferon 43

11 Not stated 37
95 Sunitinib 123

118 Sunitinib 137
16 Refused chemotherapy 136

127 Sunitinib Alive
0 Interferon � 13-cis-retinoic acid 7

122 None Alive
Mo
all survival, time to disease progression or progres-
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sion-free survival. Since regional lymphadenectomy
was not routinely done in this early cohort, lymph
node information was available in only 6% of our
pathological reports. Therefore, this analysis was not
included in our study.

Because this cohort represents our initial experi-
ence in the late 1990s when the LRN technique was
still developing, we report mostly T1 tumors with a
mean size of 5 cm. Certainly this is not the scenario
today. Since surgeons have overcome the initial
learning curve and techniques have improved, indi-
cations for LRN have expanded to include larger
tumors, renal vein thrombus, cytoreductive nephrec-
tomy, locally invasive tumors, lymph node involve-
ment and morbidly obese patients.

Other study limitations are its retrospective na-
ture and the inability to identify prognostic factors

for recurrence and cancer specific survival, given
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Although it is commonplace now, laparoscopic ne-
phrectomy was an unproven method to remove renal
cancer in the early to mid 1990s because of concern
related to port site seeding, insufflation resulting in
intraperitoneal tumor dissemination, increased risk
of distant metastases from excessive tumor manip-
ulation and vascular injury during hilar dissection.
All of these concerns were addressed by previous
articles except long-term outcomes after laparo-
scopic nephrectomy. These authors provide prelimi-
open surgery to remove renal cancers. The small
patient cohort precludes a conclusive statement that
the 2 techniques are equal but the study certainly
supports the concept that open surgery should be
reserved for the largest and most difficult tumors,
primarily those with vena caval involvement.
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