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Background: Robot-assisted laparoscopic partial nephrectomy (RAPN) is increasingly used in the
treatment of complex renal tumors, but it is still not commonly performed for T2 renal tumors and the
reports of RAPN for renal tumors >7 cm were limited. Here we report our single-institution outcomes to
evaluate the safety and efficacy of RAPN in treating T2 renal tumors.

Methods: This study was designed as a case-series study. We retrospectively reviewed our database
and finally identified 16 patients undergoing RAPN for clinical T2 tumors. Seven patients who
underwent standard laparoscopic partial nephrectomy (LPN) and 30 patients who were treated by radical
nephrectomy(RN) were included as controls. The baseline characteristics, perioperative outcomes, change of
renal function, and oncological outcomes were analyzed.

Results: There was no significant difference between groups in baseline characteristics, intraoperative
complications, and long-term oncological outcomes. Both RAPN and LPN had a longer operative time and
higher blood loss compared with RN, but they could offer better renal function reservation. Two patients
who underwent LPN converted to radical nephrectomy or open partial nephrectomy and no conversions
happened in the RAPN group. The ischemia time seemed shorter in RAPN group but did not reach
statistical significance (median 20.0 vs. 25.5 min, P=0.118). Except for blood transfusions, no other major
complication was detected.

Conclusions: RAPN can provide fair preservation of renal function with acceptable major complications
and oncological outcomes, therefore it is a safe and effective procedure for renal tumors >7 cm. Its
advantages over LPN still need to be ascertained by further studies with better design and larger sample

sizes.
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Introduction

Renal cell carcinoma (RCC), which ranks second among
the leading causes of deaths in patients with urologic
tumors, is one the most frequently occurring cancers in
Western communities (1,2). Management of renal tumors
has changed significantly in the last two decades, and partial
nephrectomy (PN) was recommended by guidelines for T'1a
renal tumors, whenever technically feasible (3,4), as it allows
preservation of renal function together with excellent cancer
control (5,6). For T1b renal tumors, PN still provides non-
inferior survival outcomes compared to radical nephrectomy
(RN) (7-13). Tumor size alone is no longer considered as a
contraindication to PN, and several centers have reported
their PN experience for larger (>7 cm) renal tumors (14-19).
However, all these studies focused on open or laparoscopic
PN (LPN).

Since the introduction of robotic da Vinci surgery,
robot-assisted laparoscopic partial nephrectomy (RAPN)
was being increasingly used, especially for more complex
tumors, but the use of RAPN for T2 renal tumors was
only reported by several studies from the USA and Europe
(20-24). To provide relevant information about safety and
oncological outcomes, especially originated from Asia, here
we report our single-institution experience with RAPN
for T2 renal tumors. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/tcr-20-2324) (25).

Methods
Ethical statement

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The ethical approval of
this study was exempted by the Ethics Committee of Tongji
Hospital because of the retrospective and observational
nature, and the data were de-identified. Informed consent
was also not required due to the above reasons.

Study design

This study was designed as a retrospective study. All
patients who underwent RAPN between February 2015
and November 2018 for localized renal tumors larger than
7 cm on preoperative imaging were included. The patients
who underwent LPN for T2 tumors were also screened
as control. Eventually, 16 patients who underwent RAPN
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and 7 patients who underwent LPN were identified in this
study. Besides, as the RN is still the standard treatment for
T2 RCC, another 30 patients with T2 RCC treated by RN
were also included as a control.

Chest CT and blood biochemical tests were routinely
conducted, and other examinations would also be conducted
according to the symptoms for tumor staging. All of these
patients had a preoperative abdominal computed tomography
scan (CT) to assess the complexity of tumors. Magnetic
resonance imaging (MRI) was performed when necessary for
further evaluation. Based on the tumor complexity, patients
were informed of the merits and demerits of different
procedures and choose the procedure for themselves. All the
RAPN were performed by the same surgeon who had an
experience of more than 1,000 robotic surgeries.

Data collection

Baseline characteristics of patients, perioperative,
pathological, and oncological outcomes were collected
to evaluate the safety and efficacy of RAPN. The count
data was described as the number of events, whereas the
continuous variables were described as the median and
interquartile range (IQR).

The collected baseline characteristics of patients
included age, body mass index, gender, American Society
of Anesthesiologists (ASA) score, size of renal tumor
on CT (largest diameter in cm), RENAL score (26),
preoperative estimated glomerular filtration rate (eGFR),
and preoperative CKD stage (27).

The assessed perioperative outcomes referred to
operative time (OT), estimated blood loss (EBL), warm
ischemia time (WIT), length of hospital stay, intraoperative
and postoperative complications, blood transfusions,
postoperative eGFR, overall mortality, cancer-specific
mortality, local recurrence, and metastasis. The major
complication was defined as Clavien grade >3 (28).

The pathology outcomes encompassed histopathology,
pathological tumor size, pT stage, Fuhrman grade, and
margin status.

After surgery, the biochemical tests would be performed
to assess the condition of electrolytes and renal function.
Patients would be advised to take examinations every 3
to 6 months for the first 2 years after surgery, including
physical examinations, biochemical tests, ultrasound, CT
scan, or further investigations according to the practical
circumstances.
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Table 1 Characteristics of patients and tumors

Long et al

. RAPN for T2 renal cell carcinoma

Variable RAPN LPN RN
Number of patients 16 7 30

Male 12 (75.0%) 5(71.4%) 22 (73.3%)
Age (year) 53.5 (46.0-59.0) 55.0 (49.0-58.0) 54.5 (46.0-59.0)

Body mass index

Surgery cases per period

24.5 (21.8-26.5)

2015-2016 7 (43.8%)

2017-2018 9 (56.3%)
ASA score

1 4 (25.0%)

2 12 (75.0%)

=3 0
Tumor size (cm) 8.1 (7.5-9.0)
R.E.N.A.L score

<6 0

7-9 3 (18.8%)

10-12 11 (68.8%)

Unknown* 2 (12.5%)

Preoperative eGFR (mL/min/1.73 m?)

Preoperative CKD stage

93.2 (81.8-106.7)

Stage |, =90 10 (62.5%)
Stage I, 60-90 5(31.3%)
Stage Ill, 30-60 1(6.3%)
Stage =1V, <30 0

Follow-up length (month)

31.5 (15.5-43.2)

25.2 (23.6-26.1)

6 (85.7%)°
1 (14.3%)

3 (42.9%)
4 (57.1%)
0
8.0 (7.4-8.7)

0
2 (28.6%)
5 (71.4%)
0
94.2 (85.4-100.7)

4 (57.1%)
3 (42.9%)
0
0
44.0 (40.5-52.0)°

25.1 (23.6-26.2)

13 (43.3%)
17 (56.7%)

12 (40.0%)
16 (53.3%)
2 (6.7%)

0

5 (16.7%)

25 (83.3%)
0

95.7 (85.4-105.4)

21 (70.0%)
9 (30.0%)
0
0

37.0 (29.3-44.5)

Continuous data was presented as median (interquartile range) and count data was presented as n (%). *, the original radiologic data was
unavailable. ?, significantly different from other two groups. RAPN, robot-assisted laparoscopic partial nephrectomy; LPN, laparoscopic
partial nephrectomy; RN, radical nephrectomy; ASA score, American Society of Anesthesiologists score; CT, computed tomography;
eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease.

Statistical analysis

SPSS 25.0 was used to conduct all the statistical analysis in
this study. The relevant outcomes of different groups were
compared, and the Student’s t test was used for continuous
data while Fisher’s exact test was applied for count data. P
value <0.05 was considered statistically significant.

Results

Eventually, 16 RAPN patients, 7 LPN patients, and 30
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RN patients were included in this study. The baseline
characteristics of the patients were listed in Table 1.
The baseline age, proportion of gender, ASA score, and
preoperative renal function were similar among these
groups. The CT scan and MRI were retrieved for the
assessment of the size and complexity of tumors (Figure I).
The tumor size and tumor complexity were also similar for
the RAPN group and LPN group. The RN groups had the
most patients with a RENAL score >9, but the difference
was not statistically significant. Notably, two patients
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Figure 1 The representative radiological imaging of a patient with a lesion on the left kidney. (A) The CT scan of the kidney; (B) the MRI

scan of the kidney.

in the RAPN group had a CT scan in a local medical
institution and the tumor sizes were documented in the
CT report, but the original imaging data were unavailable.
Therefore, the assessment of tumor complexity was unable
to be conducted. Most LPNs (6 of 7) for T2 tumors were
conducted during 2015 and 2016 while RAPNs were mostly
conducted during 2017 and 2018.

All RAPNs were performed successfully without
conversion to RN or open surgery while one LPN was
converted to RN and one was converted to open PN.
The relevant perioperative outcomes were demonstrated
in Table 2. The OT and EBL were significantly lower in
the RN group than RAPN group (OT: P<0.001, EBL:
P<0.001) and LPN group (OT: P<0.01, EBL: P<0.001),
but the OT and EBL did not differ between the RAPN
and LPN groups. The LPN seemed related to a longer
warm ischemia time [25.5 (IQR, 21.5-29.5] min vs. 20.0
(IQR, 18.0-25.0) min], though not statistically significant
(P=0.118). Blood transfusions were performed for 2 patients
during the surgery for both RAPN and LPN groups and 3
patients in the RN group, and no other major perioperative
complications happened.

After assessing the pathological reports, 15 RAPN
patients and all LPN and RN patients were identified as
p12. One patient in the RAPN group with two lesions on
the right kidney was identified as pT'1b, as the 7.8 cm lesion
on the lower right kidney was pathologically confirmed as a
benign cyst. Pathological classification and Fuhrman grade
were examined, and no significant difference was found
among these groups. Most tumors were confirmed as clear
cell carcinoma or papillary carcinoma and most were graded
as Fuhrman grade II. One tumor in the RAPN group was
classified as Fuhrman grade III clear cell carcinoma. The

© Translational Cancer Research. All rights reserved.

other 1 patient was diagnosed as high-grade RCC and hard
to be pathologically classified. No positive surgical margin
was reported for all patients and the median hospital stay
was 8.0 (IQR, 7.8-9.0) days for RAPN, 8.0 (IQR, 7.5-9.0)
days for LPN, and 8.0 IQR, 7.3-9.0) days for LPN.

The eGFR at 1 day and 3 months after surgery were
examined to assess the postoperative renal function. The
median postoperative eGFR at 1 day and 3 months after
surgery were similar for these groups. The decreased eGFR
and CKD upstaging were also comparable among these
groups. The decreased eGFR was significantly higher in the
RN group than the RAPN group (P=0.024) and LPN group
(P=0.038), but the CKD upstaging was comparable among
the three groups.

The median follow-up was 31.0 IQR, 15.5-30) months
for the RAPN group, 44.0 IQR, 40.5-52.0) months for the
LPN group, and 37.0 (IQR, 29.3-44.5) months for the RN
group. The follow-up length was longer in the LPN group
compared with the RAPN group (P=0.011) and the RN
group (P=0.014). No patient died during the follow-up and
no local recurrence was detected. The patient pathologically
diagnosed as high-grade RCC in the RAPN group had
enlarged perihepatic lymph nodes in the preoperative
abdominal CT examinations. He was treated with sunitinib
after surgery and peritoneal metastases were detected by
PET-CT 13 months later.

Discussion

PN is currently the gold standard of surgery for feasible
T'1 renal tumors, and it has been proven as effective as RN
on cancer control (5,6). And retrospective studies have
suggested that even for T2 tumors, its efficacy would not
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Table 2 Perioperative and oncological outcomes

Long et al. RAPN for T2 renal cell carcinoma

Variable

RAPN

LPN

RN

Operative time (min)
Warm ischemia time (min)
EBL (mL)
Hospital stay (day)
Intraoperative blood transfusion
Conversion to open or radical surgery
Pathological stage, n (%)
pTib
pT2
Pathological type, n (%)
Clear cell carcinoma
Papillary carcinoma
Chromophobe carcinoma
Other
Fuhrman grade, n (%)
|
Il
-V
Surgical margin, n (%)
Positive
Negative
Postoperative eGFR (mL/min/1.73 m?
1 day
3 month
Decreased eGFR (%)
CKD upstage
No. of local recurrence, n (%)

No. of metastasis, n (%)

130.0 (102.5-150.0)
20.0 (18.0-25.0)
100.0 (50.0-450.0)
8.0 (7.8-9.0)

2 (12.5%)

0

1 (6.3%)
15 (93.8%)

9 (56.3%)
5 (31.3%)
1 (6.3%)
1 (6.3%)

0
14 (87.5%)
2 (12.5%)

0
16 (100%)

68.5 (61.3-77.0)
74.2 (64.3-79.9)
16.9 (8.8-28.6)
8 (50.0%)
0
1 (6.3%)

140.0 (115.0-190.0)
25.5 (21.5-29.5)
150.0 (75.0-275.0)
8.0 (7.5-9.0)

2 (28.6%)

2 (28.6%)

0
7 (100%)

5 (71.4%)
2 (28.6%)
0

7 (100%)

66.7 (61.1-72.9)
72.9 (67.6-84.7)
18.7 (10.4-25.4)
2 (28.6%)
0
0

90.0 (81.3-102.5)°
NA
25.0 (20.0-50.0)*
8.0 (7.3-9.0)
3 (10.0%)
NA

0
30 (100%)

23 (76.7%)
7 (23.3%)
0
0

0
28 (93.3%)
2 (6.7%)

0
30 (100%)

62.7 (60.4-64.3)
70.2 (64.4-75.3)
24.5 (17.6-28.1)°
17 (56.7%)
0
0

Continuous data was presented as median(interquartile range) and count data was presented as n (%). %, significantly different from other
two groups. RAPN, robot-assisted laparoscopic partial nephrectomy; LPN, laparoscopic partial nephrectomy; RN, radical nephrectomy;
EBL, estimated blood loss; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; NA, not applicable.

be compromised (29,30). PN for clinical T2 renal tumors
was reported by several studies but most of these studies
were limited to open surgery or standard laparoscopic
approach (30). As for RAPN, only a few studies from the
U.S.A and Europe showed the relevant outcomes (20-24).
Herein, we report our single-institutional experience
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with RAPN for renal tumors >7 cm. To the best of our
knowledge, this is the first study that originated from Asia
that represents the outcomes of RAPN for T2 renal tumors.

Consideration of the complications is essential when
high-risk surgical procedures are performed. The only
intraoperative complication of RAPN in our study was a
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blood transfusion and the transfusion rate was similar to
other reports of RAPN for T2 renal tumors. As for the
postoperative complications, bleeding and urinary leak
were mostly reported (20). But none of these complications
happened among our patients and it might because of the
use of the two layers, continuous, unknotted renorrhaphy
technique (31).

Reducing renal function loss is the main advantage of
PN. Compared with radical surgery, PN can provide better
preservation of renal function and therefore might be more
beneficial for the overall survival and cancer-specific survival
(32,33). In our study, no patient received dialysis after
surgery. Three months after surgery, 8 of 16 RAPN patients
experienced an upward migration of CKD stage and only
one patient migrated to CKD stage III with a median
eGFR change of 14.9 (IQR, 8.7-24.1) mL/min/1.73 m".
The proportion of CKD migration was higher than Malkoc
et al.’s study (22) (10 of 54 patients). One possible reason is
that our long-term renal functions are based on the 3-month
data after surgery. Compared to the report of Bertolo
et al. (20), the eGFR loss at the discharge of our report was
also higher (27.0% vs. 15.6%). The larger tumor sizes and
higher tumor complexity of our study might be the sources
of difference. Besides, the resection strategy is closely
associated with the postoperative renal function (34). In the
present study, the tumors were resected about 5Smm from
the edge of the tumor. When the tumors are next to the
collecting system, to avoid the possible injury, the resection
thickness might be reduced for the base area. The hybrid
enucleoresection or resection according to Minervini’s
definition in the present study could be another reason for
the higher renal function loss (35).

Cancer control is critical in the management of
malignancies. In our report, no local recurrence was
detected in all patients and only one metastasis was reported
for one patient. This outcome suggested the efficacy of
PN in cancer control. However, this conclusion should be
cautiously interpreted. The positive surgical margin could
be an important risk factor for recurrence (36). In our study,
due to the relatively conservative resection strategy, all
patients had a negative surgical margin. The efficacy of PN
in cancer control still needs to be ascertained when simple
enucleation is applied.

The choosing of procedures is a complicated issue
in clinical practice. RN is still the most commonly used
treatment for T2 renal tumors. Although PN could
offer better renal function preservation, it requires a
comprehensive preoperative assessment and an experienced
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team, and the surgeons and patients need to reach an
agreement. Before surgery, imaging examinations including
abdominal CT, renal angiogram, and MRI should be
performed to evaluate the tumor complexity. As the central
role in the procedure decision, the experienced surgeon
would assess the feasibility and the potential risks of PN,
and inform the patient of the merits and demerits of PN.
The surgical infeasibility and potential risks prevented some
patients from undergoing PN, especially these patients with
a better preoperative renal function. For these patients with
a solitary kidney or poor preoperative renal function, PN
might be more acceptable.

There was also a variety of strategies for PN. Open
surgery, laparoscopic surgery, and robotic surgery were all
widely used in urology. With the development of surgical
instruments and the minimally invasive technology,
laparoscopic surgeries were increasingly used in the field
of surgery, especially in urology. Compared with open PN
for T2 tumors, the laparoscopic PN could shorten the
ischemia time and reduce the rate of intraoperative blood
transfusion (22). RAPN also has some advantages over
standard LPN. With higher magnification, the anatomical
structures could be more clearly observed in RAPN. In
the standard LPN, the operative angle was limited and the
precise cutting could be difficult sometimes and this might
explain the conversions to open surgery or RN during LPN.
The robotic arm allows more flexible operative angles and
a more stable incision and suturing, therefore the robotic
surgery could be more favored by surgeons, especially in
surgeries with high difficulty. The most PN for T2 tumors
in 2017-2018 in our institution were conducted with RAPN
also indicated such a trend. In our analysis, the operative
time, blood loss, and hospital stay did not differ significantly
between RAPN and LPN. The warm ischemia time seemed
shorter in RAPN compared with LPN. However, because
of the limited sample size, this comparison is not convincing
enough, and better-designed studies with larger sample size
are still warranted to ascertain whether robotic surgery can
shorten the ischemia time.

This study has several limitations. First, the retrospective
and single-institutional design might bring selective bias.
For patients with high-complexity renal tumors, radical
nephrectomy was more often recommended. Second, the
limited follow-up of oncological outcomes and long-term
renal functions were not enough for further assessment
of these outcomes. Third, most LPNs were conducted in
2015-2016 and the RAPNs were more favored by surgeons
latterly and the potential bias should be noted. Last, the
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small sample size also compromised the validity of the
conclusions and we are unable to confirm the benefit of
RAPN compared with LPN. Further studies with larger

sample sizes were still warranted to better evaluate RAPN.

Conclusions

In conclusion, our single-institution experience suggested
that RAPN might be a safe and effective procedure for
renal tumors >7 cm. It could provide great preservation of
renal function and acceptable perioperative and oncological
outcomes.

RAPN should be considered for patients with T2 tumors
at an experienced medical institution.
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