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Nerve-sparing radical hysterectomy versus conventional radical hysterectomy

4.1 ABSTRACT

Background and aims

Survival after radical hysterectomy (RH) for early stage cervical cancer is good. Hence
quality of life (QOL) after treatment is an important issue. Nerve sparing radical hyster-
ectomy (NSRH) improves QOL by selectively sparing innervation of bladder, bowel and
vagina, reducing therapy-induced morbidity. However, the oncological outcome and
the functional outcome after NSRH are subjects of debate. We aim to present the best
possible evidence available regarding both QOL and survival after NSRH in early-stage

cervical cancer.

Methods
Systematic review and meta-analysis on studies comparing NSRH and RH.

Results

Forty-one studies were included and 27 were used for the meta-analysis. There was no
difference in 2-, 3- and 5-year overall survival: the risk ratios (RRs) were respectively 1.02
(95% C1 0.99-1.05, n = 879), 1.01 (95% CI1 0.95-1.08, n = 1324) and 1.03 (95% CI 0.99-
1.08, n = 638). No difference was found in 2-, 3- and 5-year disease-free survival: RR 1.01
(95% C1 0.95-1.05, n = 1175), 0.99 (95% CI 0.94-1.03, n = 1130) and 1.00 (95% CI 0.95-
1.06, n = 933) respectively. Post-operative time to micturition was significantly shorter
in the NSRH group: standardized mean difference (SMD) -0.84 (Cl 95% -1.07 to -0.60).

Conclusions
NSRH can be considered safe and effective for early-stage cervical cancer since short-
and long-term survival do not differ from those of conventional RH, while bladder func-

tion after NSRH is significantly less impaired.
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4.2 INTRODUCTION

Cervical cancer is the third most common type of cancer in women worldwide. Fur-
thermore, it is the fourth most lethal type of cancer in women after breast-, lung- and
colon carcinoma. ' In 2010 453,970 new patients were diagnosed with cervical cancer
worldwide and 44 % of these women were under the age of 50. Only 24% of the cases
concerned women from developed countries. Treatment of cervical cancer depends
on the stage of the disease. Microscopic disease (FIGO IA1) is usually treated with a
cone biopsy or simple hysterectomy. So called ‘early-stage cervical cancer’ (FIGO 1A2,
IB, lIA and IIB) is usually treated with a radical hysterectomy: depending on the radicality
(classified according to Piver I-IV) both the sacro-uterine ligaments and the parametria
are resected more extensively but usually the parametrium is resected up to the internal
iliac artery and down to the deep uterine vein. 2 In order to rule out lymph node metas-
tasis, a pelvic lymphadenectomy is performed. Adjuvant (chemo-) radiation is adminis-
tered in case of lymph node metastasis, extra cervical spread and unfavourable tumour
characteristics. Prognosis after RH depends on the aforementioned prognostic factors.
Five-year survival rates of between 88% and 97% have been reported. ** Given such
survival rates, quality of life after treatment is an important issue. One way to improve
quality of life is by reducing therapy-induced morbidity. Up to 25% of women treated
with radical hysterectomy suffer from bladder, bowel and sexual complaints. >° Maas et
al showed that conventional radical hysterectomy (Piver Ill) inevitably results in damage
to the autonomic nerves in both the hypogastric plexus (resection of the sacro-uterine
ligaments) and the splanchnic nerves (resection of the parametrium below the deep
uterine vein). 7 The autonomic nerves innervate the bowel and are important for op-
timal sexual function: the autonomic nerves regulate lubrication-swelling response of
the female genitals during sexual arousal. It is well known that accidental damage
to these nerves in the pelvis can lead to urine incontinence, diarrhoea or constipation
and sexual problems. ? In the 1960s the Japanese gynaecologist Kobayasi described
the first technique to conserve the autonomic nerves during pelvic surgery. In 1988
Sakamoto published the first article on nerve-sparing radical hysterectomy (NSRH) in
English. 71 From that time many different techniques to spare the autonomic nerves in
radical hysterectomy have been published and more recently reviews on nerve sparing
radical hysterectomy summarised the evidence on the oncological safety of nerve spar-
ing radical hysterectomy. 34" However, nerve-sparing surgery is still subject to a fierce
debate in the world of gynaecologic oncology. Proponents state the technique is safe
and beneficial for the quality of life of patients. Opponents are reluctant to use the tech-
nique arguing that literature is too heterogeneous to be certain about both oncological
safety and anatomical and physiological advantage. In this meta-analysis, of the data

obtained after systematically reviewing all available literature, we aim to provide the
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Nerve-sparing radical hysterectomy versus conventional radical hysterectomy

best possible evidence available regarding both quality of life and survival after NSRH
in early stage cervical cancer. Since none of the aforementioned reviews performed a
proper meta-analysis to the extent as we did, our paper will hopefully close the debate
in favour of the effect and safe use of NSRH. This will allow women to undergo the most

optimal surgical treatment for early stage cervical cancer.
4.3 MATERIALS AND METHODS

Definitions

Early stage cervical cancer includes stage IA2, IB, IIA and IIB cervical cancer accord-
ing to the Féderation Internationale de Gynécologie et d'Obstétrique (FIGO) staging.'?
The intervention under review is nerve sparing radical hysterectomy (NSRH), which is
compared to conventional radical hysterectomy (RH). The PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-analyses) were used during the devel-

opment and execution of this systematic review and meta-analyses.

Sources

We searched PubMed, EMBASE, Web of Science, the Cochrane Library, CINAHL, Ac-
ademic Search Premier, ScienceDirect, Springer, WileyBlackwell, LWW, HighWire and
Taylor & Francis/Informaworld (final search November 215t 2015). The following terms
with synonyms were used: (radical) hysterectomy, nerve-sparing, cervical cancer and
autonomic nerves.) A single librarian of the Waleaus library of the Leiden University

Medical Center (JS) performed the literature searches.

Study selection

We included case-control studies, randomised controlled trials and comparative cohort
studies. To avoid publication bias, no limitations on language or publication date were
made. The meta-analyses were performed on the comparative studies. We excluded
studies without the definition of cervical cancer or nerve sparing surgery. Four inde-
pendent reviewers (M.v.G, L.R., K.v.S and C.d.K) screened the titles and abstracts. If the
title was not specific enough for decision, we reviewed the abstract. If a reference was
eligible, the full-text article was scored using a pre-tested scoring list conducted by the
reviewers (M.v.G, L.R., K.v.S and C.d.K). Inconsistency between the reviewers was re-
solved by discussion and consensus. Data were extracted using a pre-designed data
extraction form. Hence both methodology and results of all eligible papers were re-
viewed in a systematic manner. If the full text paper was not available (e.g. in case of
a conference abstract) the scoring list was used to score the abstract. We determined
whether the study properties were homogeneous by looking at the period of inclusion,

number of patients, whether the study was prospective or retrospective and whether
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the study was multi or single centre. To determine clinical homogeneity, when given,
the FIGO stage, histology type, age, BMI, percentage of patients receiving neoadjuvant
chemotherapy, tumour size, relative and absolute depth of the tumour, the percentage
of positive lymph nodes and the vascular invasion were examined. After scoring was
completed, to avoid multiple publication bias, we contacted authors and their affilia-

tions to clarify any uncertainties or incomplete data.

Outcomes of interest

The following outcome measures were considered in the meta-analyses: 2/3/5-years
(disease-free) survival, operation time, intraoperative blood loss, time to micturition and
duration of hospital stay. Quality of life was analysed by determining urinary-, bowel-

and sexual dysfunction and general quality of life.

Data synthesis

To determine the risk of bias, the questionnaire for methodological quality of the Dutch
Cochrane Library was answered for every article. '® The data extracted from the data
forms were put in to a pre-designed database (Access version 2007-2013, Microsoft
Corp, Redmond, WA, USA). The meta-analyses were conducted using software designed
for composing Cochrane reviews. (Review Manager v.5.3.4, 2015, Cochrane Communi-
ty, London, UK). Statistical heterogeneity was determined using the Chi-square test. '
Whenever 5 or more articles were used in the meta-analysis random effects models
were used. If less than 5 articles were used in the respective meta-analysis fixed ef-
fects models were used. For dichotomous variables, results were given as risk ratios
(RR with 95% ClI). For continuous outcomes, the results were expressed as standardized
mean differences (SMD). Because of the skewed distribution of variables, we applied a
log-normal distribution. If only median and range were given, data were transformed
into mean and standard deviation, according to the definitions described by Hozo. > A
p-value of less than 0.05 was considered significant for all variables. '* When not pre-

sented, survival data were extracted from the Kaplan-Meier estimator.

4.4 RESULTS

Literature identification and study selection

After removing duplicate references, a total of 1288 unique titles remained. 731 Publi-
cations were considered not eligible after screening the titles leaving 557 abstracts for
further evaluation. 221 Titles were retrieved for detailed evaluation of the full text or
abstract in case of conference abstract. After evaluation of the abstract 180 studies were
considered not eligible because of various reasons. Detailed information on selection

of articles included in the review can be found in figure 1.
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Studies potentially relevant, identified
and screened for retrieval (n=1288)

Studies excluded on basis of title (n=731)
or abstract (n=336)

Studies retrieved for more detailed
Studies excluded after detailed review evaluation (n=221)

(n=180)

- Patients previously reported (n=40)

- No new patients, including reviews
(n=35)

- No full text available (n=10)

- Not cervical cancer (n=8)

- Not nerve sparing (n=14)

- Mixed technique/cancer or
advanced stage disease (n=9)

- No response author to essential
questions on data (n=3)

- Observational (n=49)

- Data not suitable (n=6) Studies included in review (n=41)

- Other (n=6) (full article (n=28) abstract (n=13))

Studies included in meta-analysis (n=27)
(RCT (n=4) case-control study (n=23))

Figure 1. Flowchart review.

Study characteristics

41 Studies were selected for inclusion in the review: 28 full text articles and 13 confer-
ence abstracts. The studies were published between 2000 and 2015. 18 Papers con-
cerned prospective studies (2 had a retrospective control group), 9 studies were ret-
rospective and of the other 14 articles it was not clearly described whether data were
collected retro- or prospectively. From the 27 studies that could be used for meta-anal-
ysis, 4 were RCTs and 23 case-control studies. The 14 publications not included for me-
ta-analysis contained valuable data but they were not suitable for statistical analysis.
Study characteristics of the 41 studies included in our systematic review are presented

in Table 1. The risk of bias was assessed for all studies (Table 1 and S2). 516
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Overall Survival

2 year
NSRH RH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, 95% CI W, 95% ClI
Sakuragi (2005) 22 22 5 5 1.7% 1.00[0.78,1.28] E——
Ditto (2011) 176 185 283 311 44.8% 1.05[1.00,1.10] i
Chen (2012) 10 12 12 13 1.2% 0.90 [0.67,1.22]
Ceccaroni (2012) 25 28 29 3 7.8% 1.06 [0.95,1.19] S
Bogani 1 (2014) 31 33 59 63 8.8% 1.00[0.90,1.12] =
Bogani 2 (2014) 19 20 20 20 55% 0.95 [0.83, 1.09] —_— 1
Kanao (2014) 39 40 12 13 38% 1.06 [0.90, 1.25] e
Roh (2015) 45 46 40 40 26.5% 0.98 [0.92, 1.04] ——
Total (95% CI) 383 496 100.0%  1.02[0.99, 1.05]
Total events 367 460
Heterogeneity; Tau®= 0.00; Chi*= 5.07, df= 7 (P = 0.65); F= 0% UlT 2 55 1 1'5 y 5‘
Testfor overall effect: Z=1.09 (P = 0.28) Favours RH Favours NSRH
3year
NSRH RH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, 95% ClI IV, 95% CI
Tillaart (2009) 102 121 112 123 149% 0.93[0.84,1.02] S
Ditto (2011) 169 185 247 311 17.4% 1.15[1.07,1.24] =
Ceccaroni (2012) 25 25 28 31 11.2% 1.10 [0.96, 1.26] = =
Bogani 1 (2014) 28 33 56 B3 85% 0.95(0.81,1.13] _ 1
Bogani 2 (2014) 19 20 19 20 10.4% 1.00[0.87,1.15] g
Wenwen 2 (2014) 96 102 196 204 191% 0.98 [0.93, 1.04] ==
Roh (2015) 45 46 40 40 18.5% 0.98 [0.92,1.04] =
Total (95% CI) 532 792 100.0%  1.01[0.95,1.08]
Total events 484 698
e 2 — - = N . cR= + § + - |
Heterogeneity: Tau®= 0.00; Chi*= 18.84, df= 6 (P = 0.003); F= 70% e 1T 1 75 e

Testfor overall effect Z=0.38 (P = 0.71) Favours RH Favours NSRH

5 year
NSRH RH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ditto (2011) 168 185 262 311 41.7% 1.08[1.01,1.15] ——
Ceccaroni (2012) 25 25 28 31 10.4% 1.10[0.96,1.26]
Roh (2015) 45 46 40 40 47.8% 0.98[0.92 1.04]
Total (95% CI) 256 382 100.0% 1.03[0.99, 1.08]
Total events 238 330
Heterogeneity: Chi®= 5.23, df= 2 (P = 0.07); F= 62% u t T t 1
Test for overall effect Z=1.45(P=0.15) s F%\?osurs RH1 Eabins 1N23RH T2

Figure 2. Meta-analysis: Survival.
NSRH = nerve sparing radical hysterectomy; RH = conventional radical hysterectomy; Events =
number of surviving patients; Total = number of patients in group; IV = inverse variance; Cl =

confidence interval.
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Disease-free Survival

2 year
NSRH RH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, 95% CI v, 95% CI
Sakuragi (2005) 21 22 5 5 22% 1.02[0.78,1.33]
Tillaart (2009) 96 122 108 124 121% 0.90 [0.80, 1.00] e |
Ditto (2011) 162 185 265 311 30.5% 1.03[0.86,1.10] —Te
Chen (2012) 10 12 12 13 1.8% 0.90 [0.67, 1.22]
Bogani 2 (2014) 17 20 18 20 2.8% 0.94[0.75,1.19]
Kanao (2014) 39 40 12 13 687% 1.06 [0.90, 1.25] — T
Bogani 1 (2014) 28 33 54 63 5.0% 0.99[0.83,1.18] —
Roh (2015) 62 64 39 42 173% 1.04 [0.95,1.15] S f—
Shi {2015) 45 46 38 40 225% 1.03[0.95,1.12] I
Total (95% CI) 544 631 100.0%  1.01[0.97,1.05] 3
Total events 480 552
?eti;ogeneﬂy;:l T?fu=:§fgifzhl;=—aﬁ455?' df=8 (P=0.60); F=0% o7 065 h s
estioroverall effect: 2= U4 E =067} Favours RH Favours NSRH
3year
NSRH RH Risk Ratio Risk Ratio
Study or group  Events Total Events Total Weight IV, , 95% CI IV, Rand 95% ClI
Ditto (2011} 147 185 259 311 24.3% 0.95([0.87,1.04] — T
Bogani 1 (2014) 28 33 55 63 6.4% 0.97[0.82,1.15) —
Bogani 2 (2014) 17 20 18 20 35% 0.94 [0.75,1.19]
Wenwen 2 (2014) 90 102 186 204 27.9% 0.97 [0.89, 1.05] —
Shi (20158) 58 64 37 42 103% 1.03[0.90,1.18] ——— e ———
Roh (2015) 45 46 38 40 27.6% 1.03[0.95,1.12] I
Total (95% CI) 450 680 100.0% 0.99 [0.94, 1.03]
Total events 385 593
foscorangy G s _ ST . . . )
?etz:,;ogenenynT;u t_-gfl?]';]hlp_—zﬁasusl df=5(P=0.81), F=0% o7 055 7 h 5
estiorossrall et =0.600= 0165 Favours RH Favours NSRH
5year
NSRH RH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ditto (2011) 146 185 248 311 356% 0.99[0.90,1.09]
Rademaker (2014) 96 121 102 124 207% 0.96[0.85,1.09]
Roh (2015) 44 4B 38 40 348% 1.01[0.82,1.11]
Shi (2015) 55 64 33 42 89% 1.09[0.91,1.32]
Total (95% CI) 416 517 100.0% 1.00 [0.95, 1.06]
Total events kLY 41
e iz - % SRz + t T t 1
Heterogeneity: Chi*=1.29, df=3 (P=0.73), F=0% 07 058 1 1 15

Test for overall effect Z=0.03 (P =0.98)

Favours RH Favours NSRH
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Meta-analyses
Meta-analyses have been performed on the following outcomes: 2/3/5 years (dis-

ease-free) survival, time to micturition, blood loss, hospital stay and operating time.

1. Survival (figure 2)

According to our meta-analyses 2, 3 and 5 year overall survival did not differ in either
group: Risk ratios (RRs) were respectively 1.02 (95% Cl 0.99-1.05, 120%, n = 879 in 8
studies), 1.01 (95% CI 0.95-1.08, I> 12%, n = 1324 in 7 studies) and 1.03 (95% CI 0.99-
1.08, 12 62%, n = 638 in 3 studies). With regard to 2-, 3- and 5-year disease-free survival
there is no difference between both groups: RRs were respectively 1.01 (95% CI 0.95-
1.05,120%, n = 1175 in 9 studies), 0.99 (95% Cl 0.94-1.03, 12 0%, n = 1130 in 6 studies)
and 1.00 (95% CI1 0.95-1.06, 12 0%, n = 933 in 4 studies).

2. Quality of life - Time to micturition (figure 3)

For the meta-analysis on time to micturition 18 studies were included. In total 1470 pa-
tients were included in these studies. 647 underwent NSRH and 823 underwent RH. The
time to micturition after surgery was significantly shorter in the NSRH group (SMD -0.84,
95% Cl-1.07 to -0.60, 12 72%).

3. Feasibility/safety (figure 4)

Blood loss

Fourteen articles were included in the meta-analysis regarding the amount of intraoper-
ative blood loss (figure 4). The NSRH group consists of 701 patients and the RH group of
845 patients. There was no significant difference (SMD -0.30, 95% CI 0.64-1.04, |2 89%).

Operation time

The meta-analysis on the operation time consists of 9 studies with a total of 1992 pa-
tients. 852 patients underwent NSRH and 1140 RH. The operation time is significantly
longer for the patients who underwent NSRH (SMD 0.48, 95% CI 0.16 - 0.79) which
corresponds with an average of 20 minutes, in favour of RH. It must be taken into con-

sideration that the chance of heterogeneity is big with an 12 of 90%.

Hospital stay

The hospital stay after surgery was reported in 9 studies with a total of 1253 patients.
487 patients underwent NSRH and 775 RH. The result favours NSRH (SMD -0.82, 95%
Cl-1.50 to -1.05) and is significant. Yet there is a high chance of heterogeneity: the 12 is
96%. This corresponds with a prolonged hospital stay of 2.4 days in the RH group.
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Time to Micturition

NSRH RH Std. Mean Difference Std. Mean Difference
Study or Subgroup Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hickel (2000} 41 138 T1% -0.74 [-1.10,-0.38] T
Possover (2000) 38 28 BO% -0.91 [-1.43,-0.40]
Kuwahara (2000) 19 18  48% -1.16 [-1.87,-0.46] e
Chen (2009) 725 6O0% -0.59 [-1.11,-0.07] ==
Sun (2009) 21 21 5.2% -0.82 [-1.46,-0.19] e
Liang (2010} 8z 8 TA4% -0.31 [-0.62,-0.00] ]
Runnebaum (2010) 53 M 5.0% -0.78 [-1.45,-012] et
Wu (2010) 14 15 43% -112[-1.91,-0.33] —f—=
Skret-Magierlo (2010) 10 10 31% -1.73[-2.80,-0.67]
Espino-Strebel (2010) 27 52 57% -1.99 [-2.55,-1.47] = =
Tseng (2012) 18 12 44% -0.88 [-1.65,-0.11] i
Ceccaroni (2012) 25 N 5.9% -0.64 [-1.18,-0.10] —
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Figure. 3. Meta-analysis: Quality of life.

NSRH = nerve sparing radical hysterectomy; RH = conventional radical hysterectomy; Total = num-

ber of patients in group; Std = standardized; IV = inverse variance; Cl = confidence interval.
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Figure. 4. Continued
NSRH = nerve sparing radical hysterectomy; RH = conventional radical hysterectomy; Total = num-

ber of patients in group; Std = standardized; IV = inverse variance; Cl = confidence interval.
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Quality of life

Due to the high variance in quality of life outcomes reported and lack of adequate data
for statistical analyses in the reviewed papers, many of the reviewed articles turned out
to be unsuitable for meta-analysis on quality of life after NSRH. In order to have a com-
plete review of the available data on urinary function, bowel function, sexual function
and general quality of life, we have presented these data in four different tables availa-
ble as supplementary data (52, S3, S4 and S5 respectively). In these tables we have sum-
marized 25 studies evaluating urinary function, 13 bowel function, 10 sexual function
and 4 studies describing quality of life in general. Post voidal residual volume, urinary
retention, recovery of bladder function, satisfaction of micturition, abnormal bladder
sensation, bladder dysfunction and need for intermittent self-catheterization, dysuria,
good sensation, urgency, frequency and stress incontinence, are analyzed. We de-
scribed time to defecation, constipation and diarrhea. Sexual functioning data concern
(dis-) satisfaction, frequency, activity, dysfunction, dyspareunia, vaginal dryness, numb-
ness of labia and psychological distress. The general quality of life issues that have not
been processed in the meta-analyses are given in supplemental table 5. The EORTC
QLQ was used in two of the four studies. °% Ceccaroni 3 and Wu '® use a modified
questionnaire adapted from the Bergmark series ¢° and the Functional Assessment of

Cancer Therapy (FACT)* for cervical cancer respectively.

4.5 DISCUSSION

The aim was to perform a systematic review and meta-analysis comparing conventional
radical hysterectomy (RH) with nerve sparing radical hysterectomy (NSRH) in early stage
cervical cancer. As presented in figure 2, taking considerable heterogeneity into ac-
count, there is no evidence of inferior disease-free and overall survival after NSRH in ear-
ly stage cervical cancer. One can argue that some (single-centre) cohorts of RH do claim
higher survival rates. % However, such studies are prone to numerous kinds of bias.
In our opinion the results of the systematic review and meta-analyses presented in this
paper is the best available evidence on survival of RH compared to NSRH. Many, both
comparative and non-comparative studies have shown improved physiological out-
comes after nerve sparing therapy. >¢° Unfortunately, data on quality of life was grossly
heterogeneous and reported outcomes differed extensively between studies. Hence we
could only perform a meta-analysis with data on time to micturition, which significantly
favoured NSRH. Reviewing the 4 randomized papers on NSRH versus RH all 4 favoured
NSRH with regard to urinary function but could, due to the aforementioned reasons, not
be included in the meta-analysis. '8 ¢! Apart from physical functioning, questionnaires
can be used to assess psychological distress due to morbidity. Pieterse et al published

longitudinally evaluated quality of life using validated questionnaires. ' Despite the
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earlier mentioned favourable results on preserving the autonomic nerves with regard
to bladder and sexual function, there was no significant difference in self-reported out-
comes 2 years after neither NSRH nor RH. This might be explained by the fact that in
both cohorts a large proportion of patients received adjuvant radiation therapy, which
may have diminished the advantageous effect of preserving the autonomic nerves. So,
physiological function is well preserved after NSRH but self-assessed function seems
to depend on more factors than functional autonomic nerves alone. Current medicine
prioritizes patient related outcome measurements in the treatment and follow-up of the
patient. ¢2 Corresponding with this development, the next goal in research on quality of
life after radical hysterectomy should be to find and overcome all factors that influence
self-assessed function. Others also tried to summarize the data on NSRH. Rob was the
first with a review in Lancet Oncology. 3 His paper is of main interest because it summa-
rizes the anatomy and the different techniques of nerve sparing surgery. Moreover this
paper holds a plea for performing a less radical parametrectomy; hence nerve sparing,
in selected cases. The latter is under investigation in the international SHAPE trial, led
by Plante. ® Next, Basaran et al calculated that the number of patients needed to prove
non-inferiority of NSRH to RH with regard to recurrence would be between 4300 and
1000 depending on the expected risk of recurrence (5 and 20% respectively) and thus
of the population under investigation. "' Most recently Long et al published an inter-
esting systematic review trying to differentiate between laparoscopic and open proce-
dures. Although operating time was significantly longer when performing NSRH, NSRH
favoured RH with regard to bladder function. * Compared to both Basaran and Long we
were able to include many more trials (41 compared to 21 and 17 respectively). More-
over we performed meta-analyses on oncological outcome showing equal long- and
short-term (disease-) free survival of NSRH compared to RH. Summarizing the available
reviews we can conclude that with regard to bladder function NSRH significantly favours
RH and there are no data showing a negative effect on survival of recurrence after NSRH.
The most important drawback of our meta-analyses is the considerable heterogeneity
among studies. 8 The risk of bias of the included studies was assessed in a systematic way
(table 1 and supplemental figure 1). * Although the largest proportion of the included
studies has a prospective design (18/41) some use a retrospective control group. Final-
ly, the mean number of patients included in the papers reviewed was only 50 per group
which is relatively small. All these unfavourable methodological features may weaken
the conclusion of our systematic review and meta-analyses. However, we included 4
RCTs in our meta-analyses 4% ¢! all favouring NSRH with regard to quality of life and
not showing a difference in survival rates. (figure 2, 3 and 4) This strongly supports and
strengthens our conclusions and indicates that the results of our review are valid. There
are many authors who have published just as many different surgical procedures to

selectively spare the autonomic nerves in the small pelvis. 38 %44 Especially the extent
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to which the autonomic nerves should be selectively dissected from the vesico-cervical
ligamentis under debate. ** We decided not to take the surgical procedure into account
since the different techniques all identify and selectively lateralise the hypogastric plex-
us when dissecting the sacro-uterine ligament and stay above the deep uterine vein
to spare the splanchnic nerves. 23 When the deep uterine vein is considered as the
ventral margin of the dissection of the parametrium one may argue that the parametrec-
tomy is less radical and consequently not adequate. However the proportion of patients
with microscopic metastasis in the dorsal parametrium as the only extra-cervical spread
of the disease is considered extremely low and additional (microscopic) metastasis in
the dorsal parametrium will be effectively treated since patients with metastasis will re-
ceive adjuvant radiation therapy. ¢ The aforementioned argument with regard to the
dorsal parametrium may as well be valid for the lateral parametrium. It may well be that
the indication for a true radical hysterectomy, in which the pelvic nerves are damaged
if not selectively spared, may be limited. Moreover other studies have shown favoura-
ble results of neo-adjuvant chemotherapy in combination with less radical surgery. ¢
Although these studies included women seeking a possibility to preserve fertility, their
conclusions are equally valuable, and probably equally valid, in women in whom fertility
preservation is not an issue. ¢¢7° Having said that, there will always be women in whom
radical surgery is first choice of treatment. In these women the nerve sparing techniques
should be considered since our systematic review showed a significant advantage with
regard to bladder function and recovery after NSRH. Moreover, our research shows that

both disease-free and overall survival after NSRH and RH are equal.
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Supplemental figure 2. Quality of life: urinary function.

NSRH
Data analysed Author Year N n (%) mean =SD 1
PVRV unknown Ju 2009 24 - 8.7 =-
<100 ml Ceccaroni 2012 25 0 (0%)
<50 ml Chang 2013 32 - 7.03 %-
<100 ml Wirawan 2014 15 - 233 %-
Retention Merlot 2011 19 2 (10.5%)
Recovery of bladder Ditto 2011 185 175 (94.6%)
function Prajwala 2013 5 2 (40%)
Prajwala 2013 5 5 (100%)
Bogani 1 2014 33 27 (82%)
Bogani 1 2014 33 32 (97%)
Ceccaroni 2012 25 23 (92%)
Tseng 2012 18 18 (100%)
Wenwen 2* 2014 85 65 (76.5%)
Wirawan 2014 15 -
Satisfaction of Liang 2010 82 71 (86,6%)
micturition Skret-Magierlo 2010 10 - 4.7 %27
Abnormal bladder Wu 2010 14 0 (0%)
sensation / bladder Dowaji 2 2011 60 3 (5%)
dysfunction / ISC Mukhtarulina 2011 23 2 (8,7%)
Mukhtarulina 2011 23 0 (0%)
Mukhtarulina 2011 23 0 (0%)
Radlovic 2011 41 1.7 (4%)
Chen 2014 30 0 (0%)
Dermenzhy 2 2014 25 3 (12%)
Roh 2015 64 1 (1.6%)
Dysuria Ceccaroni 2012 25 0 (0%)
Tseng 2012 18 2.1 (12%)
Wenwen 2* 2014 85 9 (10.6%)
Shi 2015 64 1 (1.6%)
Chen 2012 30 1 (3.3%)
Good sensation Sakuragi 2005 22 22 (100%)
Chen 2009 37 35 (95%)
Liang 2010 82 74 (90.2%)
Urinary urgency Ceccaroni 2012 25 1 (4%)
symptom stress Ceccaroni 2012 25 1 (4%)
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RH
N n (%) mean+SD 1 P Ratio [95% CI] Moment of evaluation £
69 - 14.8 + - <0.01 - 6
31 6 (19.3%) <0.01 - 36
36 - 26.36 % - - - post op
19 - 18.4 = - >0.05 - post op
28 7 (25%) - - post op
302 267 (88.4%) 0.022 - unknown
18 18 (100%) - - post op
18 18 (100%) - - 3
63 37 (59%) - OR0.3[0.11-0.87] postop
63 51 (81%) 0.03 - 12
31 19 (61,3%) 0.01 - 36
12 5 (41.7%) - - 3
167 102 (61.1%) - - -
19 - >0.05 - post op
81 58 (71.6%) <0.05 - -
10 - 9.5+x41 >0.05 - post op
15 5 (33.3%) 0.034 - 6,12
40 6.4 (16%) <0.005 - -
17 10 (58.8%) 0.002 - 1
17 6 (35.3%) 0.005 - 3
17 5 (31.1%) 0.001 - 6
46 11.5 (25%) - - 5
35 7 (20.0%) <0.005 - 12
25 15 (60%) - - -
42 3 (7.5%) <0.001 - 12
31 8 (25.8%) - - 36
12 6.6 (55%) - - 3
167 68 (40.7%) <0.05 - -
42 (7.1%) - - 12
35 9 (37.1%) <0.05 - 12
5 (40%) 0.03 - 12
25 22 (88%) - - -
81 61 (75,3%) <0.05 - -
31 (29%) 0.01 - 36
31 (12.9%) 024 - -
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Supplemental figure 2. Continued

NSRH
Data analysed Author Year N n (%) mean+=SD t
freq/urge Tseng 2012 18 2 (11.1%)
frequency Wenwen 2* 2014 85 12 (14.1%)
Chen 2014 30 3 (10%)
Incontinence stress Sakuragi 2005 22 0 (0%)
overflow Asmussen 1987 13 0 (0%)
Ceccaroni 2012 25 2 (8%)
Ceccaroni 2012 25 1 (14%)
Tseng 2012 18 0 (0%)
severe Pieterse ** 2013 91 32 (35%)
severe Pieterse** 2013 77 38 (49%)
urge, little Pieterse** 2013 91 8 (9%)
urge, little Pieterse** 2013 77 4 (5%)
Wenwen 2* 2014 85 31 (36.5%)
Chen 2014 30 5 (16.7%)

NSRH, nerve sparing radical hysterectomy; RH, conventional radical hysterectomy; t Days; £
Months; PVRV, post voidal residual volume; ISC, intermittent self catheterisation; * N = Amount
of patients with known results. Total amount of patients: 102 (NSRH), 204 (RH); ** N = Amount of
patients with known results. Total amount of patients: 123 (NSRH), 106 (RH).
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RH

N n (%) mean+SD t P Ratio [95% CI] Moment of evaluation
12 9 (75%) 0.001 - 3
167 56 (33.5%) <0.05 - -
35 15 (42,9%) <0.01 - 12

3 (60%) 0.0034 - 12

5 (100%) - - 12
31 17 (54.8%) - - post op
31 14 (45.1%) - - 36
12 5 (41.7%) 0.006 - 3
83 39 (47%) - RR0.61[0.33-1.13] 12
79 35 (44%) - RR 1.23[0.65-2.30] 24
84 (6%) - RR 1.52[0.48-4.85] 12
79 4 (5%) - RR 1.03[0.25-4.26] 24
167 91 (54.5%) <0.05 - -
35 17 (48.6%) <0.01 - 12
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Supplemental figure 3. Quality of life: bowel function.

NSRH

Data analysed Author Year N n (%) mean * SD [range] T
Defaecation Ju 2009 24 - 29 =+-

Chen 2012 12 - 3.3+£0.71[2.5-4.7]
Flatus Chen 2012 12 - 2.1+£0.57[1.5-3.1]

Chen 2014 30 - 1.67 £0.16

Ditto 2011 185 0 (0%)
Defaec/Flatus Rodolakis 2008 15 -

Radlovic 2011 41 2.5 (6%)

Ceccaroni 2012 25 (0%)

Wenwen 1 2014 78 (0%)
Constipation Ceccaroni 2012 25 (4%)

Chang 2013 32 2 (6%)

Pieterse* 2013 90 20 (22%)

Pieterse* 2013 76 14 (18%)

Wenwen 1 2014 78 4 (5.1%)

Chen 2014 30 2 (7%)

Sowa 2014 74 - 7.21+20.10

Shi 2015 64 2 (4.76%)
Diarrhoea Pieterse* 2013 90 19 (21%)

Pieterse* 2013 76 18 (24%)

Wenwen 1 2014 78 2 (2.6%)

Sowa 2014 74 - 2.7+13.24
Constip/Diarrh Bogani 1 2014 33 0 (0%)

NSRH, nerve sparing radical hysterectomy; RH, conventional radical hysterectomy; 1 Days;
1 Months; * N = Amount of patients responding to questionnaire. Total amount of patients: 123
(NSRH), 106 (RH); # Mean time of evaluation, NSRH group 29.5 months vs 41.1 months.
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RH
N n (%) mean x SD [range] T P Ratio [95% CI] Moment of evaluation t
69 3.2 <0.01 post op
13 - 4.1+0.93[3.1-7] 0.026 - post op
13 - 2.6+0.60[1.5-43] 0.083 - post op
35 - 24+0.17 0.000 - post op
311 9 (2.9%) post op
30 - 0.276 - 12
46 10.6 (23%) 5
31 2 (26%) >12
160 3 (2%) 0.553 - 31
31 8 (26%) 0.02 >12
36 11 (31%)
84 19 (23%) RR 0.98 12
[0.48-2.00]
79 15 (19%) RR 0.96 24
[0.43-2.16]
160 50 (31.2%) < 0.01
35 3 (9%)
36 - 12.04 = 26.61 0.584 -
42 4 (9.5%)
76 18 (24%) RR 0.75 12
[0.37-1.52]
79 23 (29%) RR0.76 24
[0.37-1.55]
160 22 (13.8%) <0.01 31
36 - 14.29 +28.34 0.012 - 35.3#
63 61.5 (13%) 0.04 OR10.2 <12
[0.57-183.7]
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Supplemental figure 4. Quality of life: sexual function.

NSRH
Data analysed Author Year N n (%) mean +SD 1
(Dis)satisfaction Satisfaction Ju 2009 24 7 (29%)
Ceccaroni* 2012 25 10 (40%)
Pieterse** 2013 91 11 (12%)
Pieterse** 2013 75 11 (15%)
Chen 2014 30 - 4.36 £0.81
Dissatisfaction Ceccaroni* 2012 25 7 (28%)
Positive responsive  Sowa 2014 74 - 70.18 £ 28.65
Desire Chen 2014 30 - 3.60 = 0.8
Arousal Chen 2014 30 - 3.52+0.85
Activity/frequency Active Ceccaroni* 2012 25 8 (32%)
Sowa 2014 74 - 40.83 + 30.46
Not active Pieterse** 2013 106 23 (22%)

Pieterse** 2013 92 22 (24%)
Reduced frequency Wenwen 1*** 2014 32 25 (78.1%)

Chen 2014 30 - 4.33x0.71
Dysfunction Radlovic 2011 41 -
Dermenzhy 1 2014 23 (21.5%)
Ceccaroni* 2012 25 0 (0%)
Dyspareunia Ceccaroni* 2012 25 1 (4%)
Pieterse** 2013 82 11 (12%)
Pieterse** 2013 71 11 (16%)
Bogani 1**** 2014 27 0 (0%)
Dyspareunia Wenwen 1%** 2014 32 11 (34.4%)
Pain during coitus ~ Wenwen 1*** 2014 32 14 (43.8%)
Shi 2015 64 0 (0%)
Dermenzhy 1 2014 23 1 (4.3%)
Vaginal dryness Dryness Ceccaroni* 2012 25 3 (12%)
Pieterse** 2013 91 17 (19%)
Pieterse** 2013 77 11 (14%)
Shi 2015 64 1 (1.6%)
Reduced Pieterse** 2013 82 19 (23%)

lubrication
Pieterse** 2013 71 15 (21%)
Wenwen 1*** 2014 32 20 (62.5%)
Dermenzhy 1 2014 23 2 (8.6%)
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RH
Moment of
N n (%) mean+SD t P Ratio [95% CI] Evaluation
69 6 (9%) 0.042 - 6
31 12 (38.7%) - - >12
68 12 (18%) - RR 0.64[0.26-1.56] 12
65 13 (20%) - RR 0.69[0.28-1.66] 24
35 2.63+0.84 0.046 -
31 11 (35.4%) - - >12
36 73.91+30.08 0.46 - 35.3#
35 2.60 £0.53 0.002 -
35 2.60 =0.74 0.016 -
31 8 (25.8%) - - >12
36 31.10+30.95 0.73 - 30.5
85 21 (25%) - RR 0.85[0.43-1.66] 12
80 21 (26%) - RR 0.88[0.44-1.76] 24
82 64 (78%) 0.993 - >6
35 4.17 £ 0.67 0.583 - 12
46 NS -
23 20 (86.5%) <0.05 -
31 7 (22.5%) 0.03 - >12
31 4 (12.9%) - - >12
63 12 (19%) - RR 0.57[0.24-1.47] 12
60 10 (17%) - RR 0.92[0.36-2.34] 24
23 3 (13%) 0.09 OR 9.3[0.45-192.2]
82 29 (35.4%) 0.921 - >6
82 32 (39.5%) 0.644 - >6
42 2 (4.8%) - R >12
23 - -
31 8 (25.8%) - - >12
70 4 (6%) - RR3.79[1.21-11.84] 12
69 10 (15%) - RR 0.98[0.39-2.48] 24
42 3 (7.1%) - - >12
65 12 (19%) - RR 1.33[0.59-2.99] 12
60 14 (23%) - RR 0.88[0.39-2.01] 24
82 43 (52.4%) 0.332 - >6
23 7 (30.3%) - -
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Supplemental figure 4. Continued

NSRH
Data analysed Author Year N n (%) mean =SD
Lubrication Chen 2014 30 - 3.95+0.70
Numbness of labia Pieterse** 2013 105 44 (42%)
Pieterse** 2013 79 54 (68%)
Psychological Fear of intercourse ~ Sowa 2014 74 - 24.76 = 37.08
distress due to Dermenzhy 1 2014 23 2 (8.6%)
Vaginal dryness Ceccaroni* 2012 25 4 (16%)
Dyspareunia Ceccaroni* 2012 25 2 (6.4%)

NSRH, nerve sparing radical hysterectomy; RH, conventional radical hysterectomy; T Days;  Months; *
N = Amount of patients responding to questionnaire. Total amount of patients: 25 (NSRH), 46 (RH); **

N = Amount of patients responding to questionnaire. Total amount of patients: 123 (NSRH), 106 (RH);
*** N = Amount of patients responding to questionnaire. Total amount of patients: 78 (NSRH), 160 (RH);
**+% N = Amount of patients responding to questionnaire. Total amount of patients: 33 (NSRH), 63 (RH);
# Mean time of evaluation, NSRH group 29.5 months vs 41.1 months.
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RH
Moment of

N n (%) mean+SD t p Ratio [95% CI] Evaluation

35 2.75+0.78 0.001 - 12

84 62 (74%) - RR 0.26 [0.14-0.48] 12

90 31 (34%) - RR 0.24[0.13-0.46] 24

36 15.0 £30.84 0.549 -

23 8 (34.6%) - -

31 13 (41.9%) 0.02 - >12

31 12 (38.7%) <0.01 -
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