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Introduction: Patients with low rectal cancer are at risk for lateral lymph node metastasis (LLNM).
Neoadjuvant chemoradiotherapy (CRT) is used to eradicate LLNM in the West, whereas in Japan the
addition of lateral lymph node dissection (LLND) to total mesorectal excision (TME) is performed. A
systematic review was conducted to assess incidence, location, risk factors and diagnosis of LLNM and
lateral lymph node (LLN) treatment outcomes.
Method: The Medline, Embase and Cochrane databases were searched for English-language articles
pertaining to LLNs in rectal cancer.
Results: 242 studies were identified and 15 prospective studies selected for qualitative analysis. LLNM
was detected in 7—40% of patients who underwent LLND, and lower incidence occurred in patients
without preoperative suspicion of LLNM. LLNs located along the middle rectal artery were most common.
LLNM was associated with female sex, advanced T stage and positive mesorectal nodes. LLN short-axis
diameter of >10 mm on preoperative imaging appeared to predict LLNM after neoadjuvant CRT. The
addition of LLND to TME seemed to decrease LR and improve survival rates, with comparable results seen
for CRT. LLND appeared to be associated with longer operation time, greater blood loss and increased risk
of sexual and urinary dysfunction.
Conclusion: LLND could be advantageous for patients with suspected LLNM, but associated morbidities
need to be considered. Further studies are needed to improve preoperative identification of LLNs and to
determine how to manage persistent enlarged LLNs after CRT. Furthermore, the applicability of LLND in a
Western population needs to be investigated.
© 2019 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction Lateral lymph node dissection (LLND) and chemoradiotherapy

(CRT) can be added to TME to treat potential LLNM in cases of

Total mesorectal excision (TME) is the gold standard surgery for
mid- and low rectal cancer [1]. The lymphatic drainage of tumors in
the upper and middle rectum occurs predominantly longitudinally.
However, rectal tumors can also spread laterally to lymph nodes
along the middle rectal arteries, internal iliac and obturator arteries
[2—5]. Lateral lymph node metastasis (LLNM) occurs most
commonly in patients with low rectal cancer [4]. Lateral lymph
node (LLN) drainage, in addition to mesorectal drainage, is present
in over 40% of patients with low rectal cancer [6].
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advanced low rectal cancer [2,7]. In Japanese guidelines, LLND is
indicated for low rectal tumors below the peritoneal reflection
and invasion beyond the muscularis propria (T3-T4 tumors)
[8—10]. In contrast, preoperative CRT followed by TME without
LLND is the standard treatment of advanced rectal cancer
described in American and European guidelines [1,8,11]. In
Europe, LLND is not considered unless persistent enlargement of
LLNs is seen on imaging following CRT, leading to selective LLND
of solitary or multiple LLNs on the affected side [1,12]. According
to the National Comprehensive Cancer Network Clinical Practice
Guidelines for Rectal Cancer which is the standard of care in the
United States, LLND is not routinely performed in the absence of
clinically suspected LLNM, but suspicious LLNs detected outside
the field of resection should be either biopsied or removed [11].
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Local recurrence (LR) rates have decreased substantially with
the routine use of CRT and the implementation of TME [13—19].
However, LR remains a problem, and evidence suggests that lateral
recurrences make up the majority of locoregional recurrences in
patients with locally advanced rectal cancer undergoing preoper-
ative CRT and TME [14,20—22]. As pelvic nodal involvement is
detected despite preoperative CRT, even in cases with complete
pathologic primary tumor responses, neoadjuvant therapy may be
insufficient to sterilize LLNs completely [2,3,23,24]. In Japan, LLNs
are sometimes removed prophylactically to potentially reduce LR
and improve survival for low rectal cancer patients, but this
approach is not used in the West [1,2,10,11].

The significance of LLNs in rectal cancer remains controversial,
considering the use of different treatment modalities in Japan
versus Europe and the United States. The overarching goal was to
investigate the significance, diagnosis, and treatment of LLNs in
rectal cancer. This systematic review was undertaken to determine
the incidence, location, risk factors, and preoperative diagnostic
assessment of LLNM, in addition to LLN treatment outcomes (e.g.
complications, recurrence).

2. Method
2.1. Search strategy

A systematic review was conducted in accordance with the
PRISMA guidelines [25]. The Cochrane, EMBASE and MEDLINE da-
tabases were systematically searched to February 2018. The search
terms included the MeSH terms “rectal neoplasms” and “lymph
nodes” or “lymphatic metastasis”, combined with following free
text words: “low rectal cancer”, “rectal cancer”, “lateral lymph
node”, “LLN”, “lateral pelvic lymph node metastasis”, and “nodal
disease”. The searches were limited to English language and human
clinical trials. Details of the full search strategy are shown in
Appendix A.

2.2. Selection criteria

Titles, abstracts, and full-text articles identified through data-
base searches were screened independently by two reviewers ac-
cording to pre-determined inclusion and exclusion criteria (SG and
MR). Any disagreements in the eligibility assessment of titles, ab-
stracts and full papers were resolved by discussion with a third
reviewer (PB).

Titles were screened for relevance based on inclusion of key
terms related to rectal cancer nodal involvement, treatment and
outcomes. Basic science studies, non-rectal cancer studies, dupli-
cate studies, and titles without any mention of surgery or lymph
nodes were excluded.

Abstracts were screened for studies related to lymph nodes in a
study population of rectal cancer patients of all ages. Studies
evaluating location, diagnosis and risk factors for lymph node
metastasis were included. Treatment modality outcome studies
were included if at least one of the following outcome measures
was evaluated: LR rate, survival, short- and/or long term compli-
cations. Studies in which chemotherapy or radiotherapy (RT) was
given alone, and not as CRT were included.

Inclusion criteria for the full text screening were prospective
studies explicitly related to LLNs. Retrospective studies and non-
full text articles were excluded. Reference lists of included
studies were hand-searched for additional relevant prospective
articles.

2.3. Data extraction

Data collected from the studies included first author, year of
publication, study design and duration, length of follow-up, num-
ber of patients assigned to each treatment arm, eligibility criteria,
tumor stage and location. With respect to data on proportion of
patients with LLNM, LLNM location and risk factors, radiology im-
aging used and accuracy of diagnostic strategy in LLN detection
were abstracted. Outcomes data were also collected when available
including operation time, adverse effects of CRT, peri-operative
surgical complications, survival, and LR.

2.4. Study quality assessment

Methodological quality of studies was assessed using the
Cochrane Collaboration's tool for assessing risk of bias in rando-
mised trials [26] and the Methodological Index for Non-
Randomized Studies (MINORS) [27]. For the Cochrane tool, a
score of <3, 4 and 5 out of 6 was regarded as high, moderate and
low risk of bias, respectively. MINORS contains 8 methodological
points for comparative and non-comparative studies, with an
additional 4 items for comparative studies. Each item is scored as
0 (not reported), 1 (reported but inadequate) or 2 (reported and
adequate). The ideal global score is 16 for non-comparative studies,
and 24 for comparative studies.

2.5. Statistical analysis

The criteria for pooling data to perform meta-analysis were
homogenous studies and results presented as comparable outcome
variables.

3. Results
3.1. Search results and study characteristics

The results of the systematic search are presented in Fig. 1.
Details about the included studies are shown in Table 1, including
eligibility criteria, tumor stage and surgical approach. Six articles
primarily investigated diagnosis, incidence or risk factors for LLNM
[28—33], whereas nine [34—42] were predominantly related to
clinical outcomes of LLND or CRT in addition to TME. Six studies
were randomized controlled trials (RCTs) of which three studies
[35,37,38] were based on the same clinical trial but evaluated
different outcomes such as postoperative morbidities, sexual
dysfunction and LR.

Pooling of the studies through formal meta-analysis was not
feasible due to heterogeneity among studies regarding patient
eligibility criteria, CRT regimens as well as definitions of clinical
outcomes.

3.2. Quality assessment of included studies

Assessment of risk of bias of the RCTs is shown in Appendix B.
One RCT was judged to have low risk of bias, the other two were
considered to have moderate and high risk of bias. None of the non-
randomized studies reached the ideal global score.

3.3. Diagnosis of lateral lymph node metastasis

Studies evaluating the diagnosis of LLNM are shown in Table 2.
Two studies [29,33] evaluated diagnostic criteria to predict LLNM,
and three studies investigated diagnostic accuracy of LLNM in
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Fig. 1. Preferred Reporting Items for Systematic Reviews (PRISMA) flow diagram showing selection of articles for review.

imaging modalities [31—33]. Lim et al. [29] suspected LLNM on
preoperative magnetic resonance imaging (MRI) if a node was
>5 mm in the largest short-axis diameter, had a heterogenic
pattern or irregular borders. The correlation between preoperative
imaging and metastasis rates on pathological examination was
analysed. Short-axis diameter of >10 mm was suggested to predict
LLN involvement both before surgery and CRT [29]. Matsuoka et al.
[33] used no predetermined criteria for preoperative detection of
LLNM. Instead, the long and short-axis of the largest LLNs were
measured by MRI and compared to histopathological sizes of
LLNMs after LLND. The authors found that the optimal diagnostic
criteria for LLNM in patients who did not undergo preoperative CRT
was short-axis diameter >5 mm and ovoid shape [33].

The LLNM diagnostic accuracy was evaluated for computed to-
mography (CT) [31,32] and MRI [31,33]. The CT sensitivity in
detecting LLNM was 33—95% with MRI corresponding sensitivity

56—67%. No studies were found of diagnostic accuracy for PET-CT
and LLNM.

3.4. Incidence, location and risk factors of lateral lymph node
metastasis

Studies presenting LLNM incidence and location are shown in
Table 3. A histopathologically verified LLNM incidence of 7—40%
after LLND was found across nine studies [28—33,37,40,41]. Fujita
et al. [37] was the only study that excluded patients with
LLN > 10 mm on preoperative imaging, and showed postoperative
LLNM in 7% of TME + LLND patients. Yano et al. [32] performed
LLND in patients with suspected mesorectal or LLN involvement on
preoperative CT, with 54% having pathologically confirmed LLNM.
Postoperative LLNM in the entire study including patients without
suspected LLNM was 19.3%. Lim et al. [29] reported LLNM in 40% of



S. Gulevski et al. / International Journal of Surgery Open 21 (2019) 73—82

VIN (549 uede[  aandadsoid [82] 100z “Ie 32 ouan

%8 ‘vl
€5/¢€ 1ad %L ‘€L
A1a8ns %EL ¥V %EL Tl [1€] 9002
210§3( UAAIZ JOU 1Y) VIN %L8 :SdS VIN %9 ‘LL €S {aNTI + JNL RERIILAR|AREAMEN oy €S uede[ aandadsold “Te 39 1y
%LL
{BWIOUIDIED 21231 JOMOT]
(suawpads %6 ‘PWOUDIE) %01 ‘FL BUWIOUDIE)
N1 U0 393)33 ou) 140l VIN VIN [e3931 3[PPIN %06 €L 1S :aNTT + FAL [e3931 pdURADE A[[BI0T] 1S uede[  aapdadsoid [£€] £00Z “Te 32 BYONSIBN
%61 SA %6C ‘TN
%8C SA %8¢ 1IN
%ES SA %E€ ‘ON
%G SA %9 WL (9.1 sA 60€)
%L9 SA %8/ dd Mo[ag %L8 SA %98 €L (uedef) 981aA [eue Ay
dnoi3 auo %6L SA%LE WAV %EE SA %TT AV WOy %G SA %L :TL ANTI + dNVd + FIAL JO WD G UIYIIM 190UBD [e103Y uede[ pue
10y L¥D anneradoisod  sdnois yioq ul ANV %18 SA %E9 AV wod GI—11) ¥d 2A0qy %€ SA %1 :LL SA (210)]) LMD + dNVd + TINL “I92UEd [e3031 [11/11 28e3S [o£:14 Ba10)  3andadsoid [6€] L00Z “Te 32 W
eale dIA[ad [e1ale] Ay}
%L :Ad ul Pajdalap N UO Ised] e 10
%11 :s,uuewieyq %001 :(3A1eA 0l :47 WNIJ2I0SaW 3y Ul Paldalap
%Y MdV S,UOISNOH d[ppIwt 6€ :ANTI + FAL N 2UO Uy} 10U I ANTI [zl Looz
%z :Ade1ayy aaneradoald VIN %1E AV MO][3q 10 18) MOT VIN 09 :duoe AL “I9DUBD [B1I31 MOT] 601 uede[ aandadsold “Ie 39 ouex
%91 SA L1 SAGL :ZN
%ETSATT SA 1T ' IN dnoig asauede[ ur
(%51>) %Y SA %1 SA %1 :3d %19 SA 19 SA ¥9 0N 11 10 || 28e3s AN paidadsns
sjuaned jo MAuourw e ul %1 %TSA Y SA T PL 10J pawwiojrad ANTI
X1D lo/pue 1y juean(py dnoi8 sA % sA %9 :s,uuewiiey %6Y SA 9G SA GG €L (vze (dnoa3 asauede[)
sjuaned yong asauedef ur ANTI (%8E)  %SE SA %ES SA %1G WY AV WOL WD /— %EE SA GE SAGE (TL  SA9LE SA 6LE) ANTT + ANL ¥d MO[aq 10 (dnois yanQ) AV uedef pue
10J 1y JueAn[peoaN  [e1d3e[Iq 10 (%1Z) -TUN %09 SA %Th SA %Th “4V1 010 Yd MO[PQ 101y  %9L SAQSAG:LL  SAUOR FNLSA AL + LY WOIN WD /£ 0) O WOIJ SIOWN], 60 ‘I SPUBLIDYIIN aanpadsolq [9€] 600z “Te 12 s1235N)]
NT1 snopidsns
Aqeorurp 1o SurSewr
%€ WL U0 37IS Ul WO [< NTTJ ANTI
AV 943 woy wn 6> %6V €1 5,08
slownj pue 7], [ed1uId (9A[eA UOISNOH J[ppIW %6C ‘TL QY3 ULII'II'T [Bd1Ul]d ‘aa0qe pue [o€] otoz
10J 1y aane1adoald VIN V/N 9yl 01 [eISIp) ¥d Mo[ag %81 1L 9%0 ‘I :aNT1 €1, 98e1s 190URd [P1031 MOT 90 ‘L uede[ aAnadsold “le 19 ue],
(1930werp
%L'89 ‘TN SIXe 1I0Us Ul W <)
sjuaned %60 :(prw) wd 01—§ %E'LE T IN (%¥'Te) S1 ‘Tesareng - SIseIselaw N1 paidadsns
J0 %5°68 10§ X1D JueAn(py %T°19 :SdS %1°6L :(mo]) wd 6> %Y'8T WL (%9°LL) TS:TRIa%RIIUN - J1 UOISDX3 NTT 2AIID[RS
[[e 103 L¥D JueAn[peoaN VIN %8'8€ AdY AV woy duesiq %9LL *EL  ANTI 2ABIS[SS + AL + L¥D  'SIown] [e3931 MO] 10 -PIA L9 Ba10y  3andadsoid [62] €10Z “Te 32 wrT
sapou [e30a111ad 03 pajru|
sjuaned S9AIU wd (£9—-1°¢) %96 SA L€ Il (gzsaza) SIseIselaw N7 ‘1aAe[ apnwt
[[e 10j XD JueAn(pe JILIOUOINE JO UOIIISAI %8Y SA %7€ AV LY SA (T9—V'E) %2z SA6€ (11 (zd) ANTI + A1981ns sA (1@) PUOASq UOISEAUI ‘UINIIAT
pue [y juean(peoaN UM ANTT SA dNVd %S SA %89 V1 8 AV woy aduessiq %TT SA %ET 1 £1981ns SuIAI9S21d-9A1ON  19MO[ 03 SUIPUAIXD Jown], Sy uede[ DY [¥€] 100 “Te 39 emeSeN
%89 SA %89 WD ['H< (zzsn61)
(%1% SA %L€) siseiserdw %ET SA %9 U y—1°C ANTI + dNVd pawul] + JAL
NT yam syuaned dNVd paywin| %66 SA %€9 :SdS %6 SA %G W 7> %C8 SA %68 :e1d SA
10j X1D jueAn(py SA dNVd 239[dwo) %Ly SA %LE WAV AV woyy dueisiaq %81 sA %L1 :zl-11d dNTI + dNVd + L1401 + JIAL 184 [17] 8002 “Ie 32 DiESEIN
(%1% sA %L9) siown) %L9 SA %89 WD [H< (L2 sA 8Z) ANTI + FNL N [e3021089W
111 mwmum\m_mmummumrﬂ SoAIaU %9T SA %G ‘W y—1'C SA JO JuaWaA[OAUL 10 ._w\mm_
NT1 yaim syuanged  J1A[ad JO UOIDISAT SA %L SA %L ‘WD 7> %18 SA %98 :€1d (%68) [e1a1e[iq 10 - (%11) IUN -  IPSNW puoAaq UoISeAUl “Yd
10§ X1D JueAnfpy NV [e193e[iq 1o -1un %66 SA %¥9 :SdS AV woy DueIsiq %61 SA %L :zl-1ld  ANTI + dNVd + IOl + JINL ~ MOJ3q UISIEW JOWN] 1dMOT] SS uede[ )| [ov] 010z “Ie 39 DyESeN
%1> SA %1> iS,UUeWlIRH
%81 SA %61 AdV %LL SA %LL “dd MO[od %V SA 9 ClII (16€ sA 0S€) siseiselauwr NT1
%18 SA %18 4V %ET SA %ET Yd 2A0qQY %98 SA %Sy 11 Quo[e JALL SA ANTI + AL Jo Dduasqe pue uondasal 0y [L€] 10L [2€] Z10T “I0 32 B3Ny
%Sk SA %Sk :ZIN—IN Jo uonewIyuod d1dodsoIde\
%SS SA %SS 0N (BuiBewy
%0T SA %TT WY %9L SA %08 “4d MO[PF %86 SA %66 ‘V1-EL (zLrsaiLn) uo wiw Q> Iojauwerp [sel9toz
%08 SA %8L V1 %ET SA %0C “¥d 2A0qY %C SA %1 ‘TL Quofe JALL SA ANTT + FAL SIXP 110US) JUSWRAJOAUI [GE] €7 “[e 19 oyes
%TY SA %EY W G< NT [219210S9WEINX3 OU “Yd
siown) %LS SA %9G ‘W G> %V SA %97 ‘1l (8V€ sA8pE)  MO[Q UISIEW JOWN] I9MOT [e1 Z10ZD02[ [8¢] 10T
111 28e3s 10 XD JueAnfpy  sdnois yioq ul INVd VIN AV Wolj dueIsiq %9S SA %vS (Il duole JNL SA ANTT + JNL ‘IlI-11 98e3s [edrutd [3€] 969 uedef 1Dy “Ie 32 enfng
(dnoig (dnoig )N
D oanbiuyday, jusuniean ui u) A1a8ng 1ySiay Jowng, a8e1s ur u) Ayijepow Jusauweal], eI ANIqiSig u Anunoy  Apnis jo adAL ‘royny

76

*MIIAJI 10J PApN[DUI SAPNIS JO SINSLIAIOBILYD APMIS
1 dIqeL



Adjuvant CTX: 91%

Adjuvant RT: 6%

Resection of pelvic
nerve plexuses

APR: 58%

Upper rectum 21%

Bilateral LLND: 250/545

LLND for patients with low

LAR: 28%

Lower rectum: 43%

53/250 had LLN involvement
and were analysed in this

study

rectal cancer whose tumor
penetrated the rectal wall.
Cancers above the PR

Hartmann's: 4%
PE: 9%

Anal canal: 36% (tumor

edge)

included if suspected LLN

involvement

IORT for all + adjuvant RT

PANP for all
for 92% of patients

LAR: 52%

At or belor PR: 100%

T1: 2%
T2: 22%
T3: 74%
T4: 2%

TME + LLND: 50

Low rectal cancer. Tumor
without bilateral LLN

Japan 50
involvement

Prospective

Ishikura et al., 1999 [42]

APR: 48%

RCT: randomized controlled trial; PR: peritoneal reflection; LN: lymph node; LLN: lateral lymph node; TME: total mesorectal excision; LLND: lateral lymph node dissection; AV: anal verge; LAR: low anterior resection; APR:

abdominoperineal resection; PANP: pelvic autonomic nerve preservation; CTX: chemotherapy; IORT: intraoperative radiotherapy; SPS: sphincter preserving surgery; RT: radiotherapy; CRT: chemoradiotherapy; PE: pelvic

exenteration; TNM: Tumor-Node-Metastasis; N/A: not available.
“stages converted from Astler-Coller staging system to TNM.

¢ Including patients from JCOG2012 trial.
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surgical excisions after preoperative CRT in patients with
LLN > 5 mm on preoperative imaging [29].

Two studies [28,32] addressed anatomical location of LLNM.
Yano et al. [32] reported the middle rectal artery and obturator
regions as the most common as 90% of LLNM were found in these
locations [32]. Ueno et al. [28] reported LLNM in the middle rectal,
the internal iliac and obturator regions in 52.8%, 30.2% and 24.5% of
patients, respectively.

Risk factors associated with LLNM are presented in Table 4.
Female sex was a significant risk factor [29,30]. Lim et al. [29]
identified low rectal tumors (<5 c¢cm from anal verge), high pre-
operative serum carcinoembryonic antigen levels >6.8 nm/ml
after neoadjuvant CRT, and advanced pT- and pN-stage after
neoadjuvant CRT and surgery as significant risk factors for LLNM.
Circumferential resection margin (CRM) positivity was associated
with LLNM since 15.6% of patients with LLNM had positive CRM as
compared to 2.0% for patients without LLNM [29]. Tan et al. [30]
also found > pT3 and positive mesorectal nodes as significant risk
factors for LLNM.

3.5. Complications and perioperative outcomes following LLN
treatment

All complications and perioperative outcomes are presented in
Appendix C.

Three studies evaluated operation time and intraoperative
blood loss for LLND [34,37,40]. Two studies compared LLND to TME
alone [37] or TME with preoperative RT [34]. The operation time
was longer and the intraoperative bleeding was higher for LLND.
Masaki et al. [40] noted longer operation time and greater blood
loss in the pelvic autonomic nerve preservation (PANP) group
compared to the group where LLND included resection of the pelvic
autonomic nerves.

Postoperative morbidity was reported in four studies
[29,34,37,39]. In summary, complications appeared in 22—57% of
LLND patients and in 15.5—50% for non-LLND patients. Fujita et al.
[38] reported on postoperative grade 3—4 complications according
to the National Cancer Institute-Common Toxicity Criteria during
hospital stay including anastomotic leakage, urinary retention,
surgical hemorrhage, infections and ileus. Nagawa et al. [34] re-
ported on complications of surgery, including infections, anasto-
motic leakage and ileus, without a specified time limit.

Postoperative infections were reported in five studies
[34,37,40—42]. Wound infections and/or pelvic abscesses devel-
oped in 2—21% of patients undergoing LLND compared to <1-14%
for non-LLND.

Bowel complications were reported in seven publications
[29,34,37,39—42]. Postoperative ileus occurred in 1-13% of patients
with LLND across six studies, and in <1%—14% for non-LLND pa-
tients. Anastomotic leak was reported with a frequency of 9—11% in
LLND patients vs 9—13% in TME alone patients (+/— RT) [34,37].

3.6. Postoperative sexual and urinary dysfunction

Studies evaluating sexual and urinary dysfunction are also
presented in Appendix C. Two studies assessed sexual function
using questionnaires before and one year after surgery and re-
ported sexual dysfunction of 79—92% for LLND versus 45—68% for
non-LLND [34,35].

Urinary dysfunction was reported across six studies
[29,34,37,39,41,42]. Nagawa et al. [34] reported a significant dif-
ference in urinary dysfunction after LLND (65%) compared to TME
with PANP (27%).
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Table 2
Diagnostic strategies and accuracies for detection of LLN metastasis.

Reference Imaging modality Diagnostic criteria

Diagnostic accuracy

Sensitivity Specificity Overall accuracy

Yano et al. [32] Preoperative CT

Preoperative: Lymph node involvement if any lymph nodes were 95% 94% —

identified by CT, irrespective of size or pattern of enhancement.
Postoperative: Histopathological tumour nodule of 3 mm or more in
diameter in the lateral pelvic area

Matsuoka et al. [33] Preoperative MRI

Preoperative: LLN with largest long axis diameter. 67% 75% 73%

Postoperative: 10 mm or larger in the long axis, 5 mm or larger in the 67% 83% 78%
short axis. Ovoid shape and heterogeneity of the internal structure.

The combination of ovoid shape with a transverse axis diameter 5 mm

or larger on MRI had the highest diagnostic accuracy.

Arii et al. [31] Preoperative Metastasis confirmed if round shaped lymph node > 7 mm in diameter
-CT on preoperative imaging was detected during surgery. 33% 78% 75%
- MRI 56% 97% 83%
Lim et al. [29] Preoperative MRI with Preoperative: suspicious LLN involvement when LN size was >5 mm in

transrectal ultrasound before
CRT and reperformed before
surgery

the largest short-axis diameter, had a spiculated or indistinct border, or
a mottled heterogenic pattern.
Postoperative: short-axis LLN diameters predicting LLN metastasis

based on comparisons of preoperative imaging with histopathologic
findings (maximum Youden index in the ROC curves)

- 11.7 mm before CRT
- 11.4 mm before surgery

68.8% 82% -
62.5% 92% -

10 mm was suggested as the optimal criteria for LLN metastasis.

CT: computed tomography; MRI: magnetic resonance imaging; LLN: lateral lymph node; LN: lymph node; CRT: chemoradiotherapy.

Table 3

Clinical and pathological incidence (%) of lateral lymph node involvement, and anatomical locations of lateral lymph nodes.

Author Preoperative LLN involvement based on

imaging

Postoperative incidence of LLN Most common anatomical locations of LLN metastases
metastases based on pathology

None. Patients with extramesorectal LN
involvement not included.

Fujita et al. [37]

TME with LLND: 7%
- 42% were clinical stage Il

Not reported

- 58% were clinical stage III

Masaki et al. [41] Unknown
group

Masaki et al. [40] Unknown

21% and 27% in respective

Not reported

Preserved group: 19%

Resected group: 23%

Lim et al. [29] Suspicious LLN metastasis 40.0%
Tan et al. [30] Suspicious LLN mestastasis on CT or MRI (size 11%
>1 cm) -T1: 0.5%
Unknown in the case of some low rectal cancers - T2: 15%
-T3: 16%
- T4: 44%

-T3-T4: 17.3%
- T1-T2: 3.5%
54% of patients who underwent Metastatic nodes were found in either of the obturator or

Yano et al. [32] Preoperative CT: lateral node enlargement in
54% of patients who underwent LLND (i.e.
patients with mesorectal or lateral nodal
involvement)

Matsuoka et al. [33] 37% had LLN on MRI 29%

LLND

Ueno et al. [28] Unknown for patients with low rectal cancer.  21.2%
Suspected LLN involvement on CT/MRI/
intraoperatively for high rectal cancers

Arii et al. [31] Unknown 28%

Not reported
Not reported

middle rectal artery regions in 90% patients with LLN
metastasis. The other LLN metastases were found in the
common iliac region alone and the internal iliac region alone.
Not reported

Involvement in at least one of the following lateral divisions n
(%):

Middle rectal artery: 28 (52.8), internal iliac: 16 (30.2), common
iliac: 8 (15.1), external iliac: 8 (15.1), obturator nodes: 13 (24.5),
median sacral: 8 (15.1), aortic bifurcation: 3 (5.7).

Not reported

21% with both regional and LLN

metastases

LLN: lateral lymph node; LN: lymph node; TME: total mesorectal excision; LLND: lateral lymph node dissection; CT: computed tomography; MRI: magnetic resonance imaging.

3.7. Comparison of local recurrence and survival after CRT and
LLND

Studies evaluating oncologic outcomes are shown in Table 5.
Four comparative studies addressed LR rates [34,36,38,39]. Nagawa
et al. [34] identified one recurrence in the pelvic cavity in the LLND
group (1/23 = 4%). The LR rates for TME with LLND was 7.4% and
12.6% for TME alone in the study by Fujita et al. [38]. Kusters et al.

[36] reported 5-year LR rates of 6.9% in the LLND group, 5.8% in the
RT + TME group and 12.1% in the TME alone group. Kim et al. [39]
reported a 5-year 11% LR rate in the LLND group, and no LR in the
postoperative CRT group after 52 months. In the remaining non-
comparative studies, LLND patients showed 5-year LR rates of
5.6—56.8%.

Eight studies reported survival rates [28,29,34,36,38,39,41,42] of
which four compared LLND to TME [34,36,38,39]. Fujita et al. [38]
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Table 4
Risk factors associated with LLN metastases.

Author Risk factors associated with LLN metastases

Lim et al. [29] *

Female sex (59.4% of + LLNs)

Tumors of the low rectum (90.6% of + LLNs)

e Higher pre-surgery carcinoembryogenic levels (6.8 ng/mL
in LLN(+) vs 2.3 ng/mL in LLN(-) patients

Longer short-axis of the largest LLN, both before and after
CRT (16.5 mm vs 10.6 mm before CRT, 13.4 vs 7.9 mm
before surgery)

Advanced ypT- and ypN-categories

CRM positivity

Poor response to CRT

Female sex

Not well differentiated tumor

pT3

Positive microscopic lymphatic invasion

Positive mesorectal nodes

Low risk of lateral node spread when fewer than three
positive risk factors (out of sex, differentiation, T stage and
mesorectal nodes) are present (4.7%) Three or more positive
risk factors: odds 7.5 times higher (hazard ratio 7.567)

Tan et al. [30] °

LLN: lateral lymph nodes; CRT: chemoradiotherapy; CRM: circumferential resection
margin.

2 Results based on bivariate analysis.

b Results based on multivariate analysis.

reported a 5-year overall survival rate of 92.6% for TME with LLND
and 90.2% for TME alone. Five-year overall survival for patients with
stage II/Ill low rectal cancer who underwent TME + CRT and
TME + LLND was 85%/71.7% and 72.6%/68.2%, respectively [39]. No
differences were observed in survival or disease-free survival be-
tween LLND and TME with PANP [34]. Kusters et al. [36] reported a
higher cancer-specific survival in the LLND group compared to TME
alone and RT + TME groups (HR 2.0 and 1.7, respectively).

4. Discussion

This systematic literature review compared LLND with TME
and CRT. LLND seemed to be associated with longer operation
time and greater operative blood loss, as well as higher rates of
urinary and sexual dysfunctions. In terms of oncologic outcomes,
survival rates tended to be better for LLND compared to
TME + neoadjuvant RT, and CRT addition to TME seemed to
improve survival. LLND lowered LR rates compared to TME alone
but neoadjuvant RT or postoperative CRT in addition to TME
appeared just as effective.

There appears to be a strong correlation between clinical sus-
picion of LLNM on preoperative imaging and pathology results
postoperatively. However, 7% of LLNM patients had no suspicion of
extramesorectal involvement on preoperative imaging in the study
by Fujita et al. [38], which is in accordance with the LLNM diag-
nostic accuracies of CT and MRI with relatively high specificities but
lower sensitivities for LLNM. PET-CT usage for evaluation of LLN
involvement could be of value but needs further investigation. Not
all LLNM will be identified based on imaging size and better tools
for identification are required. Risk factors such as threatened or
involved CRM, advanced T-stage, and mesorectal lymph node
metastasis should alert suspicion of LLNM.

LLNs that remain enlarged after CRT may contain residual
metastatic disease as LLN enlargement after CRT has been asso-
ciated with higher LR rates and shorter survival [43]. A poor
response to CRT in terms of short-axis diameter >10 mm was
identified as predictor of LLNM, suggesting that CRT may not be

sufficient for some patients [29]. Even patients with suspicious
LLNM who showed good response to preoperative CRT on post
treatment MRI (diameter <5 mm) have been shown to develop LR,
where the majority occurred in LLNs [44]. Surgical removal of
LLNs that are not fully sterilized could possibly prevent lateral
pelvic recurrences.

Overall morbidity and the incidence of anastomotic leakage
seem similar in LLND patients and patients undergoing TME + RT.
Most studies reporting on complications used a combination of CRT
and LLND or lacked an appropriate control group, making it difficult
to conclude whether LLND causes more complications compared to
CRT alone. Ileus and infections were more common after LLND,
which may be related to longer operation time.

Although LLND seems to potentially improve survival and LR
rates, complications and dysfunctions related to LLND must be
taken into account. Proper patient selection where the oncological
benefits outweigh the surgical risks is needed. There are indications
that preoperative RT and LLND had comparable outcomes, making
LLND unnecessary in patients where LLNMs have not been
confirmed preoperatively [34,36]. There is currently not enough
data to recommend LLND as prophylactic treatment for advanced
rectal cancers. Combination therapy including CRT and LLND in
addition to TME may improve the outcomes in a subgroup of rectal
cancer patients with suspected or confirmed LLNM on preoperative
evaluation. LLND would eliminate suspicious LLNs not fully treated
by CRT, and furthermore CRT could remove micrometastases in
nodes or surrounding fat tissue that could otherwise contribute to
LR.

This systematic review, is to our knowledge, the only one
exclusively including prospective studies. Limitations involve var-
iations in eligibility criteria, surgical and oncological treatment
given, as well as inconsistencies in follow-up durations and time of
assessment after surgery, tumor stage and location, which all
contribute to significant heterogeneity and affect the comparability
of the studies. Most of the studies published on LLND are Asian, and
apart from non-English language publication bias, it is unclear if the
results are applicable to Western populations with higher BMI and
LLND learning curve for Western surgeons [45].

Oncological outcomes for LLND were better compared to TME
alone when LLNM was either absent or unknown preoperatively
[36,38]. Although LLND may implicate potential benefits, additional
randomized trials are needed. Fujita et al. [38] is the only largescale
RCT verifying improved LR by LLND compared to TME alone, as
opposed to previous meta-analyses [46,47]. However, many of the
retrospective studies in these meta-analyses included patients with
low stage rectal cancer, less likely to have LLNM and thereby benefit
from LLND. Furthermore, neoadjuvant CRT is seldomly used in
Japan but commonly used for stage II and III rectal cancers in the
West. No RCT has compared neoadjuvant CRT with LLND for cases
with suspicious LLNM to CRT alone. An ongoing Japanese RCT
compares perioperative versus postoperative CRT for suspected
LLNM [48], and a Chinese RCT is investigating LLND with neo-
adjuvant therapy in rectal cancer patients with suspicion of LLNM
[49]. A European or American equivalent, including patients at high
risk for LLNM is needed to explore the LLND feasibility for advanced
rectal cancer in the West.

In summary, LLND could be advantageous for patients with
suspected LLNM. Further studies are needed to improve preoper-
ative identification of patients with LLNM and to determine how to
manage persistent enlarged LLNs after CRT. Furthermore, the
applicability of LLND in a Western population with routine use of
CRT for locally advanced rectal cancer needs to be further
investigated.



Table 5
Studies evaluating oncologic outcomes.

Author Follow up time Local Recurrence (%) Survival (%)

Median 72.2 months TME with LLND: 7.4%

TME: 12.6%

Fujita et al. [38] 5-year relapse-free survival
TME with LLND: 73.4% TME with LLND: 92.6%
TME alone: 73.3% TME: 90.2%

HR 1.07 HR: 1.25

Overall survival rates and disease-free survival rates were not statistically different between the two groups

5-year overall survival 5-year local-recurrence-free
survival TME with LLND:87.7%
TME: 82.4% HR 1.37

Masaki et al. [41] Median 34 months 5.6% in the entire group (At 2 years and

08

Masaki et al. [40]

Nagawa et al. [34]
Ishikura et al. [42]

Kim et al. [39]

Lim et al. [29]

Yano et al. [32]
Ueno et al. [28]

Kusters et al. [36]

Median 37 months

Not reported
Median 41 months

Median 68 and 64 months in CRT
group and LLND group, respectively

Median 34 months

Median 5.7 years
Average 71 months
Median 7.0 and 7.9 years for

Japanese and Dutch patients,
respectively

thereafter)

5.3% in IORT with PANP group

4.5% in limited PANP group

10% in IORT with PANP group

11% in group with resection of pelvic
autonomic nerves

D1: 0%

D2: 4% (one recurrence in pelvic cavity)
12% at 3 years

5-year locoregional recurrence:
LLND group 11%

CRT group: 0%

LR rates for stage III rectal cancers
LLND group: 16.7%

Postoperative CRT group: 7.5%
Locoregional recurrence after LLND:
- 5.2% with upper rectal cancer

- 12.7% with lower rectal cancer
LR not reported

37.3% overall recurrence rate

LLND group: 13%

Non-LLND: 7%

Locoregional recurrence in 56.8% w/o
distant metastases

5-year LRR

6.9% in LLND group

5.8% in RT + TME

12.1% for TME alone (HR 1.6 compared to
LLND group)

Not reported

No differences observed in survival or disease-free survival between D1 and D2 (no numbers reported)

3-year overall survival 78%

5-year OS
LLND: 73.9%
Postoperative CRT: 78.3%

3-year overall survival
90.3% for patients without LLN metastasis
60.3% for patients with LLN metastasis

Not reported

5-year survival rate: 26.6% for all LLND patients

3-year progression-free survival
70%

5-year DFS

LLND: 68.6%

Postoperative CRT: 67.3%

3-year disease free survival rates
70.5% for patients without LLN
metastasis

31.4% for patients with LLN
metastasis HR 2.938

5-year survival rate: 32% for patients w/o distant metastases, 0% for patients with distant metastases

Cancer specific survival: higher for LLND than both TME group (HR 2.0 (1.2—3.3) and RT + TME group (HR 1.7)

TME: total mesorectal excision; LLND: lateral lymph node dissection; HR: hazard ratio; IORT: intraoperative radiotherapy; PANP: pelvic autonomic nerve preservation; LR: local recurrence; OS: overall survival; CRT: che-

moradiotherapy; DFS: disease-free survival; LLN: lateral lymph node; CI: confidence interval; RT: radiotherapy.
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