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Abstract

Objective: The reference standard for lymph node staging in prostate cancer
is currently an extended pelvic lymph node dissection (ePLND), which detects
the majority, but not all, of regional lymph node metastases. As an alternative
to ePLND, sentinel node (SN) dissection with preoperative isotope injection
and imaging has been reported. The objective was to determine whether
intraoperative SN detection with a simplified protocol can accurately

determine lymph node stage in prostate cancer patients.

Materials and methods: Patients with biopsy-verified high-risk prostate
cancer with tumour stage T2-3 were included in the study. All patients
underwent both ePLND and SN detection. **"Tc-marked nanocolloid was
injected peritumourally by the operating urologist after induction of
anaesthesia just prior to surgery. SNs were detected both in-vivo and ex-vivo
intraoperatively using a gamma probe. SNs and metastases and their

locations were recorded. Sensitivity and specificity were calculated.

Results: At least one SN was detected in 72 (87%) of the 83 patients. In 13
(18%) of these 72 patients SNs were detected outside the ePLND template. In
six of these 13 patients, the SNs from outside the template contained
metastases, which proved to be the only metastases in two. For 12 patients
the only metastatic deposit found was a micrometastasis (< 2 mm) in a SN. In
the 72 patients with detectable SNs, pathological analysis of the SNs correctly

categorised 71 and ePLND 70 patients.

Conclusions: This protocol yielded results comparable to the commonly used

technique of SN detection, but with more cases of non-detection.



Introduction

The absence or presence of lymph node metastases is one of the most
important prognostic factors in prostate cancer. The current reference
standard for lymph node staging is an extended pelvic lymph node dissection
(ePLND), which is recommended in the EAU guidelines for patients with
intermediate- or high-risk prostate cancer (1). However, it has been shown
that even an ePLND fails to detect up to 13% of lymph node metastases (2).
Furthermore, a multimodality lymphatic mapping study has demonstrated
primary lymphatic pathways leading directly to lymph nodes of the pararectal
and presacral regions, as well as at the aortic bifurcation (3). Including these
areas located outside the ePLND template increases lymphadenectomy-
associated morbidity, such as thromboembolism and lymphoceles (4). In
addition, a more extensive lymph node dissection may worsen potency
outcomes in conjunction with bilateral nerve-sparing radical prostatectomy (5),
which could be an option for some patients if considered oncologically safe.
However, there are also indications that identifying and treating lymph node

metastases improves survival rates (6,7).

An alternative to expanding the standard limits of the ePLND when staging
prostate cancer is to implement the sentinel node (SN) technique (8—-14). The
SN technique with radio-navigated surgery enables detection of the lymph
nodes that have the highest probability of containing metastases based on the
patient’s own pattern of primary lymphatic drainage, potentially improving the
accuracy of the lymph node staging for individual patients. The lymphotropic

radioactive tracer is usually injected into the prostate several hours before



surgery without regard to the location of the cancer (8—14). An alternative to
this technique was suggested in a study of breast cancer patients, in which

early visualisation of SNs (i.e. less than 30 min after injection) was achieved
in a majority of the patients given a higher and optimised dose of tracer (15).
Inspired by our experience with such an injection protocol in bladder cancer
we intended to investigate a SN technique in prostate cancer patients, with

injection of the isotope in proximity to the tumour at the start of surgery, after

induction of anaesthesia (16).

The aim of our study was to determine whether the new and simplified
protocol for intraoperative SN detection properly identifies SNs and also

whether these SNs accurately reflect the lymph node stage.

Materials and methods

Patients and ethical approval

Following a pilot study with five patients in 2004, the study included
consecutive patients at Vaxjo Hospital from April 2007 to May 2012. All
patients had biopsy-verified high-risk prostate cancer according to the
d’Amico classification and were in clinical stage T2-3 Nx MO. Oral and written
informed consent was given. The study was approved by the Research Ethics

Review Board of Lund University (EPN LU350/2005 and LU547/2006).

Surgery

Open surgery was conducted in cases subjected to same-session radical
prostatectomy, and laparoscopic surgery if subsequent external radiation

therapy was planned. All operations were performed with the patient under



general anaesthesia. Immediately before surgery, after induction of
anaesthesia, 100 MBq of *™Tc-marked nanocolloid (NanoColl, GE
Healthcare) was injected into the prostate in four 0.25 ml aliquots (100 MBq /
ml) under transrectal ultrasound guidance. The injections were given in two
different locations on each side, adjacent to the tumour but not into it. In the
case of a unilateral tumour, the two injections given on the contralateral side
were distributed in the peripheral zone, one near the base and one near the
apex. All injections were given by the operating urologist, who selected the
injection sites based on palpatory and ultrasonographic findings, combined
with the biopsy pathology reports. Ciprofloxacin (750 mg) was administered
orally preoperatively as prophylaxis. All procedures, including the ePLND,

were performed by at least one member of a team of three surgeons.

The ePLND was performed as described by Heidenreich and co-workers
(17). The borders were defined as follows: the medial border by the bladder
and internal iliac artery, thus omitting presacral nodes; the lateral border by
the lateral aspect of the external iliac artery; the distal border by the inguinal
ligament; the proximal border by the ureteral crossing of the common iliac
artery, including all the tissue in the obturator fossa. After the dissection on
each side, a gamma probe was used to detect residual lymph nodes showing
%MTc-nanocolloid uptake in the pelvis. The areas above the aortic bifurcation
were not examined. Any nodes with such uptake were dissected and sent
separately for pathology. At the end of surgery, the ePLND specimens from
each side were also examined using the gamma probe to detect SNs; these
nodes were removed from the larger specimen and sent separately for

pathology. The fatty tissue containing non-SNs from the open ePLNDs was



sent for pathology in three fractions (external iliac, internal iliac and obturator
fossa) per side, whereas the laparoscopic ePLNDs were performed with the
monoblock technique with the tissue sent en bloc from the left and right sides

(18).

Pathology

All specimens were fixed in formalin and embedded in paraffin. Sentinel
nodes were cut into 3-mm thick slices, which were embedded separately in
paraffin. Each embedded slice was step-sectioned at three levels at 150 ym
intervals. All sections were stained with haematoxylin-eosin and anti-
cytokeratin antibodies (AE1/AE3). Detected metastases that were <2 mm in

diameter were designated micrometastases.

Statistics

For the patients in whom at least one SN was detected, the VassarStat
Clinical Research Calculator was used to compute sensitivity, specificity and
negative and positive predictive values with 95% confidence intervals.
Reference results were defined by the two methods combined; more
precisely, the presence of LN metastases shown by either method was
designated node positive, and the absence of LN metastases by both
methods was denoted node negative. For all other results only descriptive

statistics were used.

Results

A total of 83 patients were included in the study with the characteristics of the

patients outlined in Table 1. At least one SN was detected in 72 (87%) and no



SN in 11 (13%) of the patients, 2 of which were operated with open surgery
and 9 laparoscopically (8% and 16%, respectively). The SNs were located
unilaterally in 26 (31%) patients and bilaterally in 46 (55%). For the 26
patients who underwent open surgery the median number of removed lymph
nodes was 19.0 (IQR 14.0-21.5) while the median number of SNs was 2.5
(IQR 2.0-3.25). The 57 patients that were operated laparoscopically had a
median of 11.0 (IQR 9.0-15.0) lymph nodes removed and a median of 2.0

(IQR 1.0-3.0) SNs detected.

During intraoperative gamma probe-guided surgery, one or more SNs
were detected outside the standard ePLND template in 13 (18%) of the 72
patients (Table 2). In six of these 13 patients, the SNs found outside the
template harboured metastases, which would not have been detected by an
ePLND. Two patients had their only metastases in a SN outside the standard
ePLND template and thus would have been incorrectly classified as NO by an

ePLND.

In one (1.4%) of 72 patients, the SN dissection was negative but the
ePLND showed a lymph node metastasis. This patient had a T3 tumour with a
Gleason score sum of 9 and a PSA level of 39 ug/l. One SN was detected in
this individual, and five more lymph nodes were dissected, one of which was
found to contain a 1.2-mm metastasis; this positive lymph node was found on

the same side as the SN.

For the 72 patients with detectable SN, compared with the results of the
combination of SN dissection and ePLND, the SNs determined lymph node

stage with a sensitivity of 0.96 (95% CI, 0.76-1.0), a specificity of 1.0 (95% ClI,



0.91-1.0) and a negative predictive value of 0.98 (95% CI, 0.88-1.0) which
were all higher than for ePLND alone (Table 3). The SNs contained at least
one metastasis in 22 (31%) of the 72 patients and were negative in 50 (69%).
When calculating performance for all the 83 patients, sensitivity and negative
predictive value were 0.85 (95% Cl, 0.64-0.95) and 0.93 (95% CI, 0.83-0.98),

respectively.

The overall lymph node positivity was 27% in the open-surgery group and
33% in the laparoscopic group (Table 1). The ePLND detected lymph node
metastases in three (27%) of the 11 patients with no detectable SN. Two of
these were operated laparoscopically and one was operated with open

surgery (4% in both groups).

Of the 26 patients with metastases, 12 (46%) had micrometastases in a
SN. For eight (31%) of the 26 patients this represented the only metastatic
deposit. Four patients with micrometastases in a SN had additional, larger
metastases in another SN. Two of these latter patients had metastases also in
the non-SNs. None of the patients where the SNs only detected

micrometastases had other metastases in the non-SNs.

Discussion

The SN technique used in our study requires less preoperative workup
than the commonly used protocols, but nonetheless yielded similar results
regarding the high sensitivity and the ability to detect lymph node metastases

outside the template of an ePLND. Weckerman and co-workers reported a



sensitivity of 99% for SN dissection and Meinhardt and colleagues
demonstrated a sensitivity of 100% (10,19). SNs were only identified in 87%
of the patients, which is a lower proportion than in the cited studies. Whether
this is a limitation of this particular protocol or is part of the learning curve of
the procedure remains to be determined (13). It is likely that the learning
curve is longer for the laparoscopic procedure than the open one, with a
higher incidence of non-detection of SNs in our series (16% vs 8%), which
needs to be taken into account when doing further studies. In particular, the
laparoscopic gamma-probe has a more limited field of detection, which
requires a different technique than using a conventional probe in open
surgery. Also, the impact of only detecting SNs unilaterally also needs further
research. In this study, the addition of intraoperative SN detection to ePLND
resulted in the detection of additional metastases in 17% of all the patients
where ePLND had detected metastases. Furthermore, 4% of the patients with
a negative ePLND were upstaged to N1 as a result of detecting SNs outside
the template. This is in line with another recent investigation, which found an
additional 6% of patients with lymph node metastases using a combination of
preoperative scintigraphy and intraoperative use of a gamma probe for SN
detection (2). Holl and co-workers also detected an additional 7% lymph node

metastases outside the ePLND template, using SN dissection (8).

It is clear that a more thorough pathological evaluation detects more
micrometastases. Extended serial sectioning and immunohistochemistry
using anti-cytokeratin antibodies has been shown to increase the detection of
metastases that are < 2 mm in diameter (20,21). This has also been illustrated

by computer simulations of SNs in breast cancer (22), and confirmed by



another breast cancer study which showed that more extensive pathological
analysis alone resulted in a 13% increase in detection of micrometastases
(23). Also, real-time PCR was recently reported to increase the detection of
micrometastases in 29% of investigated prostate cancer patients (24). Even
though the present investigation was not designed to specifically test for
increased detection of micrometastases, it is likely that some of the
micrometastases identified in 17% of the patients with LN metastases, would
have been missed by routine pathology. The value of increased detection of
micrometastases is not known, however micrometastases were in two
independent studies associated with biochemical recurrence after radical
prostatectomy (25,26). Thus, it is possible that a more correct staging,
including serial sectioning of SNs, would identify more patients who would

benefit from adjuvant therapy (27).

A further development of the SN concept has recently been described by
van der Poel and colleagues and Jeschke and co-workers, who independently
demonstrated the feasibility of real-time laparoscopic SN detection using a
combination of radioisotope and fluorescence guidance (28,29). Jeschke and
co-workers have also shown the usefulness of analysing SNs using frozen

section in prostate cancer patients (29).

The results of the present and cited studies demonstrate clearly that the
sentinel node concept is valid in prostate cancer. Properly identified sentinel
nodes accurately reflect the lymph node stage in patients with prostate
cancer. Based on this knowledge, a reasonable approach would be to offer all

intermediate- and high-risk patients a sentinel node dissection with frozen



section analysis, and perform an ePLND only if the frozen section analysis
shows metastases or if no SN is detected. The last point is crucial, since the
sensitivity in this study was much lower when taking into account patients with
undetected SNs. This setup would be desirable to study further in a large

multicentre trial.

A limitation of the current study is that it was not designed to demonstrate
whether all SNs could be detected in-vivo during the dissection, i.e. no
preoperative imaging was used within the study. However, facilitated in-vivo
detection has recently been described by the use of a combination of
radioisotope and fluorescence guidance during surgery (28,29), which seems
to be a promising direction of future validation. A further limitation in the
present study is that en bloc dissection of lymph nodes was done in patients
operated laparoscopically, which precluded mapping and a detailed
anatomical description of the location of SNs and metastases. It is also
possible that the en bloc dissection technique can account for the lower
number of removed lymph nodes during laparoscopic surgery as compared to
open surgery, when the lymph node specimens were submitted to pathology
in three fractions per side (18). Another shortcoming is that the small number
of patients included leads to a wide confidence interval for the estimate of the
sensitivity of the method. Also, a general limitation of the SN technique is that
in some patients with large lymph node metastases, it is not possible to
identify the true SNs due to the presence of tumour cells obstructing the
lymphatic vessels, causing a re-routing of the lymphatic pathways and thereby

false-negative SNs (30).



Conclusions

The simplified protocol for injection and detection of the tracer used in our
study yielded results comparable to those reported with the more commonly
used SN technique, but a higher number of patients where no SN was

detected. Further studies are warranted.
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Table 1. Demographics of included patients.

All NO N1 SNO SN1 SNx
n=83 n=57 (69%) | n=26 (31%) | n=50 (60%) | n=22 (27%) | n=11 (13%)
(100%)
Age (yrs), 65.2+6.3 |653+63 |652+63 |650+6.4 |647+6.4 |67.7%5.2
mean = SD
PSA (ug/l), 21.1+16.7 | 19.5+151 |24.8+19.6 | 18.2+12.4 | 23.1+19.4 | 30.6+24.3
mean = SD
Biopsy Gleason
score,
n (%)
5-6 12 (14) 10 (18) 2(8) 9 (18) 2(9) 1(9)
7 44 (53) 35 (61) 9 (35) 29 (58) 8 (36) 7 (64)
8-10 27 (33) 12 (21) 15 (58) 12 (24) 12 (55) 3(27)
Clinical local
tumour stage,
n (%)
T2 22 (27) 19 (33) 3(12) 16 (32) 3(14) 3(27)
T3 61 (73) 38 (67) 23 (88) 34 (68) 19 (86) 8(73)
% Positive biopsy | 59.9+30.2 | 56.0+29.5 | 68.6+30.5 | 56.4+30.3 | 66.7+30.0 | 62.2+30.3
cores,
mean = SD
No. of lymph 14.0 (9.0- | 13.0(10.0- | 14.0(8.5- | 14.0(10.0- | 14.5(9.75- | 10.0 (9.0-
nodes, 18.0) 19.0) 17.25) 19.25) 18.0) 12.0)
mean (IQR)
No. of sentinel 2.0(1.0- 2.0 (1.0- 2.0(1.0- 2.0 (1.75- 2.5 (2.0- -
nodes, 3.0) 3.0) 3.25) 3.0) 4.0)
mean (IQR)
Mode of surgery,
n (%)
Open 26* (31) 19* (33) 7(27) 18* (36) 6 (27) 2 (18)
Laparoscopic 57 (69) 38 (67) 19 (73) 32 (64) 16 (73) 9(82)
Pathological
local tumour
stage,
n (%)
pT2c 16 (64) 14 (78) 2 (29) 13 (76) 2 (33) 1 (50)
pT3a 7 (28) 4(22) 3 (43) 4 (34) 2 (33) 1 (50)
pT3b 2 (8) - 2 (29) - 2 (33) -




PSA = prostate specific antigen; NO = no lymph node metastases, neither in the
sentinel nodes nor in the ePLND specimens; N1 = lymph node metastases detected
either by sentinel node analysis or by ePLND; SNO = no metastases detected in the
SNs; SN1 = metastases detected in the SNs; SNx = no sentinel nodes were
detected; SD = standard deviation; IQR = inter-quartile range

* In one patient who underwent open surgery it was not possible to perform the
prostatectomy due to anatomical difficulties.



Table 2. Locations of the sentinel lymph nodes detected outside the template of an extended pelvic
lymph node dissection, and locations of the metastases found in those lymph nodes.

No. of sentinel nodes No of sentinel nodes with.
metastases
Lateral to the external iliac 5 1
artery
Medial to the umbilical 1 1
ligament
Medial to the internal iliac 9 5
artery
At the common iliac artery 5 0
above the ureteral crossing




Table 3. Performance of sentinel node and extended pelvic lymph node dissection
(ePLND) (a) for the 72 patients where at least one sentinel node was detected, (b) for
all the 83 patients, where an inconclusive SN detection is defined as negative.

a)
Sentinel node ePLND
Negative Positive | Negative | Positive
NO 49 0 49 0
N1 1 22 2 21
Sensitivity 0.96 (0.76-1.0) 0.91 (0.70-0.98)
Specificity 1.0 (0.91-1.0) 1.0 (0.91-1.0)
NPV 0.98 (0.88-1.0) 0.96 (0.85-0.99)
PPV 1.0 (0.82-1.0) 1.0 (0.81-1.0)
b)
Sentinel node ePLND
Negative Positive | Negative | Positive
NO 57 0 57 0
N1 4 22 2 24
Sensitivity 0.85 (0.64-0.95) 0.92 (0.73-0.99)
Specificity 1.0 (0.92-1.0) 1.0 (0.92-1.0)
NPV 0.93 (0.83-0.98) 0.97 (0.87-0.99)
PPV 1.0 (0.82-1.0) 1.0 (0.83-1.0)

Values within brackets are 95% confidence intervals. NO = node negative, defined as
negative by both methods; N1= node positive, defined as positive by either method;
ePLND = extended pelvic lymph node dissection; NPV = negative predictive value;
PPV = positive predictive value.



