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Objective. Evaluate recurrence-free survival (RFS) and short-term morbidity in patients with early cervical
cancer who undergo bilateral pelvic lymphadenectomy (BPLND) versus bilateral sentinel lymph node biopsy
only (BSLNB) at primary surgery.

Methods. All patients with pathologically confirmed node negative stage IA/IB cervical cancer managed with
BPLND or BSLNB were identified in the University of Toronto's prospective cervical cancer database from May
1984–June 2015. Groups were compared with Wilcoxon rank-sum, Chi-square, and Fisher's exact tests. Predic-
tors of RFS were identified with Cox proportional hazard models. Kaplan-Meier survival curves were compared.
Statistical significance was p b 0.05.

Results. 1188 node negative patients were identified, BPLND-1078; BSLNB-110. There was no difference be-
tween BPLND and BSLNB in 2 and 5 year RFS (95% vs 97% and 92% vs 93% respectively), tumor size, histology, in-
vasion depth, intra-operative complications or short-term morbidity. BPLND was associated with increased
surgical time (2.8 vs 2.0 h, p b 0.001), blood loss (500 mL vs 100 mL, p b 0.001), transfusion (23% vs 0%,
p b 0.001) and post-operative infection (11% vs 0%, p = 0.001). Age, surgery date, stage, LVSI, and radicality of
surgery differed between groups. Controlling for age, stage, LVSI, invasion depth and histology, there was no
significant difference in RFS between groups. Only invasion depth, LVSI and histology were predictors of RFS.

Conclusion. A negative BSLNB is not associatedwith a difference in RFS compared to a negative BPLND. Short-
term morbidity may be reduced, however due to the long study period, changes in demographics and surgery
may contribute to differences noted.

© 2016 Elsevier Inc. All rights reserved.
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1. Background

Lymph node status is one of the most important prognostic indica-
tors in early cervical cancer [1,2]. Traditionally, lymph node assessment
is conducted via bilateral pelvic lymph node dissection (BPLND). In at-
tempt to reduce morbidity, many have investigated the accuracy of
ology, Department of Obstetrics
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bilateral sentinel lymph node biopsy (BSLNB) which is associated with
a decreased risk of surgical complications and lower leg lymphedema
than BPLND [3,4]. A meta-analysis in 2015 of 67 studies comparing
BSLNB with blue dye, radiotracer, or both to BPLND demonstrated a
pooled sensitivity of sentinel lymph node mapping of 94.7% for cervical
tumors b2 cmwith a side-specific sensitivity of 96.9%. Thepooled detec-
tion rate was 93.4%, but higher using the combined radiotracer and blue
dye technique [5]. Another meta-analysis in 2016 found that the detec-
tion and false negative rates with indocyanine green (ICG) were equiv-
alent to the combination of blue dye and radiotracer [6].

Despite ample evidence for the accuracy of the sentinel lymph node
procedure in early cervical cancer, there is a paucity of data on the long-
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term outcomes for patients who undergo sentinel lymph node biopsy
(alone) without pelvic lymphadenectomy. This is mainly due to the
concerns of false negatives. A study of 86 patients by Devaja et al. on
sentinel lymph node detection in cervical carcinoma included 18 pa-
tients who underwent BSLNB alone. After a median follow-up time of
28 months, there were 4 recurrences, all in patients who underwent
both SLNB and PLND [7]. In another cohort of 23 node-negative patients
who underwent BSLNB alone, after a median follow-up time of 49
months, there were no pelvic recurrences, but 1 lung and 2 vaginal me-
tastases [3].

At the Sunnybrook Health Sciences Center, bilateral sentinel lymph
node biopsy has been the standard mode of lymph node assessment
for small volume tumors since 2008 after evaluations at our center
showed no false negatives using BSLNB compared to BPLND [8], and
later demonstrated a 2.4-fold higher detection rate of metastatic
lymph nodes using BSLNB compared to BPLND in controls matched on
tumor size, histology, depth of invasion and presence of LVSI [9].

The objective of this study was to compare the recurrence-free sur-
vival and morbidity among node-negative patients with early cervical
cancer who underwent BSLNB alone vs. those who underwent BPLND.
2. Methods

2.1. Study design and patients

All patient datawas prospectively recorded in the cervical cancer da-
tabase at the University of Toronto which has ongoing approval of the
Institutional Review Board at Sunnybrook Health Sciences Center. This
cohort study was from May 1984 to June 2015. Patients were included
if they had International Federation of Gynecology and Obstetrics
(FIGO) stage IA2 to IB2 cervical cancer and underwent primary surgery
including either BSLNB alone or BPLND. For inclusion, all lymph nodes
had to be negative on final pathology and the BSLNB group had to
have bilateral sentinel lymph nodes identified. In general, at our center,
patients were selected for BSLNB if they had stage IA1 (with LVSI), IA2,
and IB1. Patents with tumors N4 cm (IB2) were included only if the
tumor was exophytic with minimal stromal involvement. Patients
were excluded if the surgical procedure was abandoned for any reason,
neoadjuvant chemotherapy was administered, intracavitary radiation
therapy was administered as primary definitive therapy, or the primary
surgical procedure was not recorded in the database. Patients who had
positive sentinel lymph nodes for metastatic cancer underwent BPLND
and were not included in this study. The primary outcome was recur-
rence-free survival. Secondary outcomes included intra-operative com-
plications, blood loss, blood transfusion, length of stay, time to normal
residual urine, short-term morbidity and post-operative infection.
Fig. 1. Study design, inclusions and exclusions. SLNB, sentinel lymph node biopsy; BSLNB, bila
chemotherapy; ICG, indocyanine green; RT, radiation therapy; cone, cervical conisation.
2.2. Lymph node assessment

The SLNprocedure used has been previously published [8,9]. The ini-
tial sentinel LN technique included an intra/submucosal cervical injec-
tion at 3 and 9 o'clock of technetium sulphur colloid 4 h pre-
operatively. If bilateral SLNs were identified on a pre-operative
scintogram 20 min later, no blue dye was used. If bilateral sentinel LNs
were not detected, then 1mL of patent bluewas injected in the same lo-
cations of the cervix (on the side(s) that was not identified) at the be-
ginning of the surgery. As of January 2015 indocyanine green (ICG)
was used instead of technetium and blue dye. ICG powder was diluted
with sterile water to a concentration of 2.5 mg/mL. One mL of this ICG
solution was injected as above at the beginning of the surgery.

Intraoperatively, SLN detection was performed with a laparoscopic
gamma probe (Navigator GPS, Tyco Healthcare). The pelvic sidewalls,
presacral and paraaortic areas were scanned. Lymph nodes were con-
sidered sentinel if the radioactive count was 5 times the background
or by visualization of blue lymph channels and blue nodes. When ICG
was used, a near infrared/ICG endoscopic camera [Pinpoint, Novadaq]
was used to identify sentinel nodes. Sentinel nodes were removed and
sent to pathology for intraoperative review.

Patients undergoing bilateral pelvic lymphadenectomy had removal
of all fatty lymph node bearing tissue within the borders of the lower
portion of the common iliac artery, deep circumflex iliac vein, psoas
muscle, ureter and obturator nerve. These nodes were sent for non-sen-
tinel node processing without intra-operative pathology assessment.
Sentinel node pathological ultrastaging and non-sentinel lymph node
processing was as previously described [9].
2.3. Statistical analysis

Descriptive statistics were calculated for all variables of interest.
Continuous measures were summarized using means and standard de-
viations and were compared using the Wilcoxon rank-sum test. Cate-
gorical variables were summarized as proportions and compared
using Chi-square and Fisher's exact tests. A crude cox proportional haz-
ards model was applied to quantify the association between mode of
lymph node assessment and recurrence-free survival as well as the as-
sociation between specific risk factors and RFS. Amultivariable cox pro-
portional hazards model was used to assess the association between
mode of lymph node assessment and recurrence-free survival after
adjusting for confounders. Kaplan-Meier survival analysis was used to
create recurrence-free survival curves, which were compared using
the log-rank test. Statistical significance was defined as p b 0.05. All
analyses were conducted with STATA version 14.1 (StataCorp. 2015.
Stata Statistical Software: Release 14. College Station, TX: StataCorp LP).
teral sentinel lymph node biopsy; BPLND, bilateral pelvic lymph node dissection; chemo,
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Table 3
Morbidity in BSLNB versus BPLND groups.

Parametera BSLNB BPLND p value

N (%) N (%)

Intra-operative complications 5 (4.6) 66 (6.1) 0.67
Intra-operative blood loss (mL) 100 (0−300) 500 (30–5500) b0.001
Surgical time (hours) 2.0 (0.8–3.5) 2.8 (1–9) b0.001
Blood transfusion 0 (0) 246 (23.1) b0.001
Length of stay (days) 0 (0–1) 6 (0–65) b0.001
Time to normal residual urine (days) 5 (0−12) 6 (0−120) 0.13
Short-term morbidity 5 (4.6) 55 (5.1) 1.0
Post-operative infection (%) 0 (0) 115 (10.7) b0.001

Data presented as N (%) and median (range).
BSLNB, bilateral sentinel lymph node biopsy; BPLND, bilateral pelvic lymph node
dissection.

a Missingblood loss data for 8 inBPLNDgroup; surgical time for 6 BSLNB and43 BPLND;
blood transfusion data for 15 BPLND; length of stay for 10 BPLND; time to normal urine re-
sidual for 24 BSLNB and 33 BPLND.

Table 1
Patient characteristics.

Parametera BSLNB BPLND p

N = 110 N = 1078

Age (years) 35 (19–64) 40 (17–86) b0.001
Year of primary surgery 2008–2015 1984–2014 b0.001
Size of measurable tumors (mm) 22.5 (10–50) 20 (1–70) 0.06
Depth of invasion (mm) 4.3 (0−33) 5.0 (0–64) 0.15
Lymphovascular space invasion 29 (26.4) 400 (37.1) 0.03
Stage b0.001

IA 65 (59.1) 102 (9.5)
IB 45 (40.9) 976 (90.5)

Histology 0.19
Squamous cell carcinoma 77 (71.3) 767 (71.7)
Adenocarcinoma 31 (28.7) 274 (25.6)
Other 0 (0) 29 (2.7)

Data presented as median (range) or N (%).
BSLNB, bilateral sentinel lymph node biopsy; BPLND, bilateral pelvic lymph node
dissection.

a Missing age data for 1 patient in BPLND group; tumor size was unmeasurable for 77
BSLNB and 690 BPLND because of prior LEEP or cone which was used to determine depth
of invasion; depth of invasion missing for 60 BPLND; histology missing for 2 BSLNB and 8
BPLND.
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3. Results

One thousand, one hundred and eighty-eight patientswere included
for analysis. There were 1078 patients in the pelvic lymphadenectomy
group from May 1984 to May 2015 and 110 in the sentinel lymph
node biopsy group from August 2008 to June 2015. Among the 1213
subjects whomet the initial inclusion criteria, there were 25 exclusions
(Fig. 1). Eleven subjects were excluded from the BSLNB group because
sentinel lymph nodes were not detected on both sides, giving a bilateral
detection rate of 91%.

Comparing baseline characteristics, patients in the pelvic lymphade-
nectomy group tended to have higher median age, earlier year of sur-
gery, higher rate of lymphovascular space invasion (LVSI) and more
advanced stage of disease. Depth of invasion and histologic sub-type
were similar between the two groups. Due to prior LEEP or cone, tumors
were microscopic in 78% in the sentinel LN biopsy group and 64% in the
full LN dissection group (Table 1).
Table 2
Surgical procedures and RT in BSLNB versus BPLND groups.

Mode of treatmenta BSLNB BPLND p

N (%) N (%)

Surgical procedure b0.001
Simple hysterectomy 9 (8.2) 14 (1.3)
MIS 9 (8.2) 2 (0.2)
Open 0 (0) 7 (0.6)

Modified radical hysterectomy 24 (21.8) 483 (44.8)
MIS 24 (21.8) 86 (8.0)
Open 0 (0) 458 (42.5)

Radical hysterectomy 12 (10.9) 438 (40.6)
MIS 12 (10.9) 1 (0.1)
Open 0 (0) 339 (31.4)

Radical trachelectomy 33 (30.0) 143 (13.3)
MIS 33 (30.0) 136 (12.6)
Open 0 (0) 6 (0.6)

Cervical conization 32 (29.1) 0 (0)
MIS 32 (29.1) 0 (0)
Open 0 (0) 0 (0)

Adjuvant radiation therapy 6(5.4) 94 (8.7) 0.58
None 104 (94.6) 944 (90.9)
EBRT 5 (4.6) 79 (7.6)
EBRT and brachytherapy 1 (0.9) 15 (1.4)

EBRT, external beam radiation therapy.
a Missing radiation therapy data for 40 patients in BPLND group and surgical approach

(MIS vs. Open) in 43 subjects in the BPLND group.
Compared to the BSLNB group, the BPLND group had a higher pro-
portion of patientswhounderwent radical ormodified radical hysterec-
tomy (85.5% vs. 32.7%) and a lower proportion who underwent radical
trachelectomy or cervical conisation (13.3% vs. 59.1%) (p b 0.001). All
of the subjects in the BSLNB group had a minimally invasive surgical
(MIS) approach (laparoscopic or vaginal) whereas the majority of
those in the BPLND group (79%) had an open approach. There was no
difference in administration of adjuvant radiotherapy between the
two groups (Table 2).

With respect to intra-operative complications and short-term mor-
bidity, the BPLND group had higher median intraoperative blood loss
(100 vs. 500 mL, p b 0.001), median procedural time (2.0 vs. 2.8 h,
p b 0.001), blood transfusion (0 vs. 23.1%, p b 0.001), median length of
post-operative stay (0 vs. 6 days, p b 0.001) and post-operative infection
(0 vs. 10.7%, p b 0.001). There was no significant difference in intra-op-
erative complications, time to normal residual urine, or short-termmor-
bidity (venous thromboembolism, wound dehiscence, ileus N10 days,
bowel obstruction, hematoma, fistula, or lymphocyst formation) be-
tween the two groups (Table 3).

Median follow-up time was 32 months in the BSLNB group and 59
months in the BPLND group. There were 4 recurrences and no deaths
in the BSLNB group. All four patients had undergone radical hysterecto-
my as their primary surgery. One recurred at the vaginal vault, one in
the rectovaginal septum, one on the sigmoid colon, and one site of re-
currence was not documented. There were 75 recurrences and 36
deaths in the BPLND group. Median time to recurrence was 24 months
in the BSLNB group and 15 months in the BPLND group (p = 0.61).
Two- and five-year recurrence free survival was 97% and 93%, respec-
tively, in the BSLNB group and 95% and 92%, respectively, in the
Fig. 2.Kaplan-Meier recurrence-free survival curves. BSLNB, bilateral sentinel lymph node
biopsy; BPLND, bilateral pelvic lymph node dissection.
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Table 4A
Crude cox proportional hazards models of recurrence-free survival.

Risk factor Reference Hazard ratio 95% CI p

Method of LN assessment BPLND 0.75 0.27; 2.05 0.572
Surgical approach Open 0.99 0.59; 1.68 0.976
Age – 1.01 1.00; 1.04 0.114
Year of surgery – 1.01 0.98; 1.05 0.396
Tumor size – 1.06 1.04; 1.08 b0.001
Depth of invasion – 1.06 1.04, 1.08 b0.001
Lymphovascular space invasion No LVSI 2.94 1.88; 4.61 b0.001
Stage IA 5.70 1.40; 23.20 0.015
Histology SCC 2.74 1.76; 4.26 b0.001
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BPLND group. There was no significant difference in the Kaplan-Meier
recurrence-free survival curves between the two groups (Fig. 2).

Using a crude cox proportional hazards model, BSLNB compared to
BPLND was not associated with RFS (HR 0.75; 95% CI 0.27–2.05; p =
0.57). There was no association between an MIS (vs. open) approach
and RFS (HR 0.99; 95% CI 0.59–1.68; p=0.976). Risk factors significant-
ly associated with RFS were tumor size (HR 1.06; 95% CI 1.04–1.08;
p b 0.001), depth of stromal invasion (HR 1.06; 95% CI 1.04–1.08;
p b 0.001), presence of LVSI (HR 2.94; 95% CI 1.88–4.61; p b 0.001),
stage (HR 5.70; 95% CI 1.40–23.20; p = 0.015) and non-squamous his-
tology (HR 2.74; 95% CI 1.76–4.26; p b 0.001) (Table 4A). After control-
ling for confounding using a multivariable cox proportional hazards
model, there was still no significant association between BSLNB and
RFS (HR 1.82; 95% CI 0.62–5.40; p = 0.28), but depth of invasion,
lymphovascular space invasion, and histology were associated with
RFS (Table 4B). Tumor size was not included in the multivariable
model because it was collinearwith stage and thereweremany subjects
who did not have measurable tumors.

4. Discussion

The sentinel lymph node procedure has been shown by multiple
studies to be accurate compared to BPLND for the detection of nodal
metastases in early cervical cancer [5,10]. Reassuringly, after controlling
for confounding, the present study demonstrated that there was no sig-
nificant difference in RFS between the twomodes of lymphnode assess-
ment. Looking at the sites of recurrence in the subjects who recurred in
the BSLNB group (vaginal vault, rectovaginal septum and sigmoid
colon), it appears that these recurrences are likely not attributable to
missed nodal metastases. There is evidence to suggest that the
ultrastaging used with the sentinel lymph node technique actually re-
duces the likelihood of missed nodalmetastases in appropriately select-
ed patients (tumors b2 cm with no grossly involved lymph nodes).
Sectioning at 40–50-μm intervals and the addition of immunohisto-
chemistry increases the relative detection rate of SLN metastases by
25–65% compared to non-sentinel lymph node processing in cervical
and endometrial cancer [11,12]. The sentinel lymph node procedure
can increase the detection of metastatic lymph nodes over conventional
lymphadenectomy by the mapping of sentinel nodes to rare locations.
Mapping studies have shown that approximately 10% of sentinel
nodes are found in areas that are not universally captured in a standard
pelvic lymphadenectomy including presacral, parametrial, internal iliac
Table 4B
Multivariable cox proportional hazards model of recurrence-free survival.

Risk factor Reference Hazard ratio 95% CI p

Method of LN assessment BPLND 1.82 0.62; 5.40 0.277
Age – 1.01 0.99; 1.03 0.366
Depth of invasion – 1.04 1.02; 1.07 b0.001
Lymphovascular space invasion No LVSI 2.71 1.66; 4.44 b0.001
Stage IA 3.63 0.81; 16.17 0.091
Histology SCC 2.73 1.68; 4.42 b0.001

LN, lymph node; SCC, squamous cell carcinoma.
and paraaortic regions [13]. A protocol that requires full pelvic lymph-
adenectomy if a sentinel lymph node is not identified, also reduces the
false negative rate [10,14]. The high bilateral detection rate of 91% in
this study is likely attributable to surgeon experience given that
BSLNB was introduced at our center for early cervical in 2004.

It has been suggested that occult disease might explain the 15% re-
currence among node-negative patients [15]. It seems possible that
one of the reasons patients who meet Sedlis criteria for external pelvic
radiotherapy benefit from adjuvant therapy is due to the fact that they
actually have small volume nodalmetastases that aremissed on routine
sectioning [16]. Since ultrastaging has a higher sensitivity and negative
predictive value than routine sectioning [17], it is theoretically possible
that patients with tumors b2 cm and negative sentinel nodes could be
spared adjuvant radiation even if they meet Sedlis criteria.

The main theoretical benefit of the SLN procedure is to reduce the
morbidity associated with pelvic lymphadenectomy. The risk of nodal
metastasis in early-stage cervical cancer is approximately 10% (by con-
ventional pathological processing of pelvic lymphadenectomy), and 15–
20% after ultrastaging, which means that with negative sentinel lymph
nodes, approximately 80–85% of patients could avoid a full pelvic
lymphadenectomy and related morbidity [18]. In our study, sentinel
lymph node biopsy was associated with decreased blood loss, transfu-
sion and post-operative infection, but this was confounded by type of
primary surgery. Given the residual confounding with respect to mor-
bidity outcomes, we can look to preliminary data from the SENTICOL2
randomized trial comparing surgical morbidity among node-negative
patients who underwent BSLNB alone vs. BSLNB with BPLND. The
SENTICOL2 trial demonstrated an absolute risk reduction (ARR) of 20%
for surgical morbidity related to lymph node dissection (p = 0.005) as
well as 13% ARR for early post-operative neurological symptoms (p =
0.01) [4]. We suspect that the greatest improvement in long-termmor-
bidity would be for lower leg lymphedema, but unfortunately do not
have data on that outcome. In their prospective study of BSLNB alone
vs. BPLND, Niikura et al. demonstrated an ARR of 33% for lymphedema
(p = 0.03) [3].

To our knowledge, the present study is the largest to examine recur-
rence outcomes among cervical cancer patients who underwent BSLNB
alone. Although it is limited by its observational design with differing
group sizes, follow-up times and low event rates, given the use of adju-
vant therapy for Sedlis criteria in node negative patients, and low recur-
rence rates in stage IA/IB, it would be very difficult to conduct a
randomized trial to answer the efficacy question. For example, a non-in-
feriority trial with a 3%margin, assuming a 5-year recurrence rate of 7%
in the control group and 10% in the experimental group would require
over 1400 subjects. Likely, we will have to continue acquiring data
from observational studies to inform decision-making about the use of
sentinel lymph node biopsy in early cervical cancer and our data sup-
ports the oncologic safety of BSLNB alone for stage I disease.
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