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ABSTRACT

Aim: Lymphovascular Invasion (LVI) and Perineural Invasion (PNI) represent undesirable but still realistic
pathological features of rectal cancer, associated with poor prognosis and worse survival. The aim of this
study is to assess the incidence of LVI and PNI in patients treated for rectal cancer and the impact of LVI
and PNI on patient survival.

Material and Methods: This retrospective single center observational study, conducted in the period of
2016-2019, includes patients with rectal cancer treated with/without long-course neoadjuvant chemora-
diotherapy (nCRT). Data collection encompassed demographics, tumor characteristics, type of surgery
(abdominal perineal rectal resection - APR and low anterior rectal resection - LAR), and LVI/PNI presence.
Survival during follow-up was estimated and compared for patients with/without LVI and PNI involvement.

Results: A total number of 234 patients (77 females and 157 males) with mean age of 61.3 enrolled in
the study. Neoadjuvant CRT was conducted in 170 patients. APR procedure was performed in 67 of them
and LAR in 167. LVI presence was noted in 55 (24.4%) and PNI in 77 (34.2%) patients. Mean survival
during follow-up was 42.07 months. The use of nCRT influenced on survival (p < 0.033). Patients treated
with LAR had better survival outcomes (p = 0.001). Presence of LVI and PNI was associated with a worse
prognosis (p < 0.001).

Conclusion: PNI was more frequent than the LVI in this study. Patients with nCRT conduction had better
overall survival. LVI and PNI presence was associated with poor prognosis in terms of overall survival
in patients with rectal cancer.
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INTRODUCTION

Lymphovascular invasion (LVI) defines the
presence of cancer cells in the blood and lymphat-
ic vessels. Perineural invasion (PNI) describes
the invasion of cancer cells of the nerve fiber of
at least 33% of its circumference [1]. Both PNI
and LVI are reliable independent prognostic pre-
dictors in rectal cancer, the presence of which

has a worsening effect on the outcome [2]. LVI
is described to be the main route for lymphatic
spread and distant metastasis occurrence [3]. Tu-
mor involvement of the rectal nerves is considered
to be another important pathway for metastasis
occurrence and decreased survival in patients [4].
This is a retrospective single center observational
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study in which LVI and PNI presence are assessed
in patients with rectal cancer and their impact on
the estimation of survival is observed.

MATERIAL AND METHODS

This retrospective study was conducted in a
single center tertiary institution, in the period from
2016-2019. It included patients treated for rectal
cancer with low anterior resection (LAR) surgery,
abdominal perineal rectal resection (APR) with\
without protective ileostomy and neoadjuvant
chemoradiotherapy (nCRT) in part of them. The
decision for nCRT conduction was brought by
the oncology board of the institution. Data col-
lection encompassed demographics, tumor char-
acteristics, type of surgery and LVI/PNI presence.
Survival during follow-up was estimated and
compared for patients with/without LVI and PNI
involvement. The study was approved by the local
ethical committee of the Prof. Dr. Cemil Tas¢108-
lu Sehir Hospital, Istanbul, Turkey. IBM SPSS,
version 25 (IBM Corp., Armonk, NY, USA) was
used for statistical analysis. The Kaplan—-Meier
method and the log rank test were used to compare
differences between the groups in terms of overall
survival. P value of less than 0.05 was considered
statistically significant.

RESULTS

This study enrolled a total number of 234
patients operated on for rectal cancer, of whom
157 were male and 77 were female. The mean age
of the patients was 61.3 years. In the majority of
them (170), a long course nCRT was conducted.
Low anterior rectal resection was performed in
167 patients, while in the rest 67, abdominoper-
ineal rectal resection was employed (Table 1).

Table 1. Patient demographics and treatment features

Variable N %
Mean age (years) 61.3 n.a.
Gender

Male 157 67.1

Female 77 32.9
nCRT conduction

Yes 170 72.6

No 64 27.4
Type of surgery

LAR 167 71.4

APR 67 28.6

Footnote: n.a. — not applicable, nCRT — neoadjuvant
chemoradiotherapy, LAR — low anterior rectal resec-
tion, APR — abdominoperineal rectal resection

The mean number of harvested lymph
nodes in the resected specimens was 18.2. Lymph
node metastases were present in 168 patients
(71.8%). Data on the LVI and PNI presence was
provided in total number of 225 patients. LVI
presence was detected in 55 (24.4%) patients,
while PNI positivity was noted in 77 (34.2%)
of them (Table 2).

Table 2. Pathology and tumor data

Variable N %

Mean number of harvested

lymph nodes (mean) 18.2 n.a.
Metastatic lymph nodes
Yes 168 71.8
No 66 28.2
LVI
Yes 55 24.4
No 161 71.6
Missing 9 4
PNI
Yes 77 342
No 139 61.8
Missing 9 4

Footnote: n.a. —not applicable, LVI — lymphovascular
invasion, PNI — perineural invasion

The two groups of patients (with/without
the use of nCRT) compared for the patient age,
harvested lymph nodes and survival presented
with statistical significance (p=0.027,p =0.004
and p = 0.04, respectively) according to the 2-sid-
ed Pearson Chi-Square test.

The mean survival for all patients during
the follow-up period (3.5 years) was 42.1 months.
Estimated survival for the patients whether nCRT
was used or not presented with statistical sig-
nificance (77.2 months without nCRT vs. 86.7
months with nCRT; p = 0.003). Survival esti-
mation according to the performed procedure
also presented with statistical significance (74.3
months for APR vs. 91.4 months for LAR; p =
0.001).
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Survival rates for the use of nCRT, LVI and
PNI presence were different. Those patients with
nCRT conduction and with negative LVI and PNI
had higher survival rates (Table 3).

Table 3. Survival rates during follow-up (3.5 years)
according to nCRT conduction, type of surgery per-
formed and LVI and PNI presence.

Variable %
nCRT conduction
Yes 83.5
No 71.9
Type of surgery
LAR 85.6
APR 67.2
LVI
Yes 60
No 87.1
PNI
Yes 59.7
No 90.5

Footnote: nCRT — neoadjuvant chemoradiotherapy,
LAR — low anterior rectal resection, APR — abdom-
inoperineal rectal resection, LVI — lymphovascular
invasion, PNI — perineural invasion

Patients with the presence of LVI had sta-
tistically significant worse survival rates. The
estimated survival rate for LVI presence was 57.2
months (95% CI: 46.5 — 67.9). In patients with
negative LVI status survival estimation was 93.3
months (95% CI: 88.2 — 98.4). This difference
was with high statistical significance (p <0.001)
(Figure 1).

Worse survival was also statistically signif-
icant for the presence of PNI. Survival estimation
for PNI positive patients was 58.7 months (95%
CI: 49.9 — 67.4). PNI absence resulted in longer
survival estimation of 96.4 months (95% CI: 91.4
—101.4). The difference presented with statistical
significance (p < 0.001), (Figure 2).

DISCUSSION

In this study, the incidence of the LVI and
PNI in patients with rectal cancer subsided for
curative resection was examined. A comparison
of survival rates between the groups of patients
with/without LVI and PNI was performed. Addi-
tionally, estimation of survival differences was
calculated for the presence/absence of LVI and
PNI.

Since it is questionable to distinguish vas-
cular from lymphatic vessels, LVI is defined with
the presence of tumor cells in any of these vessels
[5]. The phenomenon of tumor invasion of pe-
ripheral nerves and spread along the nerve sheets
is defined as PNI [6]. In order for the pathologist
to confirm tumor PNI positivity, at least one third
of the nerve circumference should be involved by
the tumor [7]. Yet, there are disagreements when
a tumor should be reported as PNI-positive. The
dedication of the pathologist is expected to raise
the reported incidence in order to properly define
the PNI status of the given tumor specimen [8].

Previously reported incidences of LVI vary
inranges between 2 — 50% [9-12]. In the Swedish
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Figure 1. Kaplan-Meier curve
for overall survival according to LVI status (Log rank p < 0.001)
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Figure 2. Kaplan-Meier curve for overall survival
according to PNI status (Log rank p < 0.001)

colorectal cancer registry of Nikberg et al. report,
conducted on 2649 patients, LVI was detected in
15% of them [13]. In the observational study of
Chen et al., among 330 patients with rectal cancer,
LVI was detected in 32.1% [14]. In the cohort
study of Sun et al., conducted on 181 patients
with locally advanced rectal cancer, positive LVI
status was noted in 26 (14.4%) [15]. The reported
incidence of LVI status in this study is within the
reported ranges.

The reported PNI incidence is described to
be from 4.3 — 50% [3,4,11,15,16]. In the obser-
vational study of Kim et al., of the analyzed 1411
patients, PNI was confirmed in 28.8% [2]. In the
single-center study of Kinugasa et al., among 363
patients treated with upfront-surgery approach for
rectal cancer (Dukes’ stage B and C), PNI was
detected in 22.9% [17]. The study of Qin et al.
encompassed a total number of 1470 patients with
surgically treated stage [-IV colorectal cancer. Of
them, 281 were with rectal cancer. Positive PNI
status was presented in 137 (50%) [16]. In the
retrospective study of Kamali et al., conducted
on 496 patients with colorectal cancer, the report-
ed incidence of PNI was 24.6%. However, the
authors did not separate the patients with rectal
cancer from those with tumors located in other
parts of the colon when reporting the PNI status
[18]. This study shows PNI frequency occurrence
within the reported literature.

It is well established that the LVI and/or PNI
positivity are indicators for poor prognosis in pa-
tients with rectal cancer [13-15,19,20], although

some authors question the prognostic value of the
LVI[21]. Aworse prognosis for LVI and PNI pos-
itive patients was also shown in the current study.

Another reported feature of PNI positivity is
the absence of influence by the conducted nCRT.
Therefore, Kim et al. suggest more intensive ad-
juvant chemotherapy in rectal cancer patients with
positive PNI status [2]. Sun et al. have shown that
the use of adjuvant chemotherapy in PNI-positive
patients significantly improved the 3-year overall
survival [15]. In the meta-analysis of Yang et al.,
it has been recommended that adjuvant therapy
should be considered for patients with postop-
erative Stage II and PNI (+) as in Stage III [22].
Nikberg et al. emphasize the need for possible
adjuvant chemotherapy inclusion in Stage Il rectal
cancer patients with LVI (+) and PNI (+) [13].

Although, the presence of LVI and PNI (sep-
arately or both) do not change the final tumor
stage, they certainly influence survival and it is
recommended both to be taken into account when
the estimation for the prognosis is performed [9].

STUDY LIMITATIONS

This is a single-center retrospective study.
The investigated group of patients was heteroge-
neous regarding whether nCRT was used or not.

CONCLUSION
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This study shows that the presence of LVI
and PNI significantly influenced the survival rates
and the survival estimation in patients with rectal
cancer. The LVI and PNI status of rectal cancer
should always be taken into account when adju-
vant oncological treatment is considered with the
final goal of achieving prolonged survival rates.
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NHIUIAEHIONJA HA JIMM®OBACKYJIAPHATA
N ITEPUHEBPAJIHATA UHBA3UJA 1 HUBHOTO BJIMJAHUE
HA ITPEXKUBYBAIBETO KAJ TAHMEHTHU CO PEKTAJIEH KAPIIUHOM

Hlkune Mucumu', lajana Lako', Ann Uno6ej emupen?,
Annpej Huxonoscekwn?, Ileman Yaycoj?, Mexmer I'ypaj lyman®

! Meauuuncku dakynrer Bo Crorje, Yauep3ureT ,,CB Kupui u Meroauj* Bo Ckonje, PC Makenonuja
2 OpieneHue 3a OIIITa XUpypruja, onmra 6omauna ,,JIpod. a-p [lemun Tamrunorny*, McranOyan,
Typuuja

> OnnesneHne 3a BUCIIEpAIHAa XUPYPruja, YHUBEP3UTETCKA XUPypIlKa KinHuKa ,,C. Haym Oxpuacku®,
VYuusepsurer ,,C. Kupun u Mertoauj* Bo Cxonje, PC Makenonuja

Hen: .HI/IM(l)OBaCKy'J'IapHaTa U MepuHEeBpaIHaTa I/IHBaSI/Ija CC HCIIOXKCJIHU, HO CCIIaK, pCaJIHU MaTo-
JIOIIKH KapaKTCPUCTUKHU HA PCKTAJITHUOT KapIIMHOM, KOU C€ aCONUPAHU CO JIOIIa MPOrHo3a U UCXOA. L[CJ'ITa
Ha OoBaa CTyI[I/Ija € Jia C€ NpOICHN MHIHUJICHIIATa Ha HI/IM(I)OBaCKyJ'IapHaTa " IiepuHCBpaHaTa I/IHBaSI/Ija Kaj
MalyeHTU TPECTUPAHU MOPpAAX PCKTAJICH KapIIMHOM XU HUBHOTO BJ'II/Ij AHUC Ha NPEKUBYBALETO.

Marepujaa u metoan: OBaa peTpOCICKTHBHA OIICEPBAIIMCKA CTY/IH]ja OJI €JIeH LIEHTap CIIPOBEcHA
Bo niepuon ox 2016 1o 2019 roguna omndaka nanMeHTH co PeKTalieH KaplMHOM TPETUPaHU co/0e3 10T
KypC Ha He0aJjyBaHTHa xemopaauoTepanuja. Codupanu ce aemMorpadcku moJaToly Ha MalueHTUTE,
KapaKTePUCTUKU HA TyMOPOT, THIIOT Ha OlepaTHBHATa UHTEPBEHIIMja (a0IOMHHO-TIEPHHEaa PECEKIrja
Ha PEKTYM H HHCKa IIPeJIHA PECEKIIHja Ha PEKTYM) U TPUCYCTBOTO Ha TMM(OBACKYJIapHA 1 IEpUHEBPaTHA
nHBasuja. [IporieHa Ha MPEKUBYBAKHETO 32 BPEME Ha CIIEICHETO € KOMIIAPUPAHO Kaj MaIlMeHTUTe co/0e3
MIPUCYCTBO Ha TUMQOBACKyJIapHA U MIEPUHEBPATHA HHBA3H]a.

Pesyararu: BxynHo Oea Bkiydenn 234 manuentn (77 xenu u 157 Maxwu) co cpenHa Bo3pacT o1 61,3
ronuHu. HeoajyBanTHa XeMoparoTepiiija Oerre cripoBeieHa kaj 170. AGoMuHOIIEpHHEaTHa pECeKIrja
Ha PEKTyM ce M3Be/e Kaj 67, a HUCKa Mpe/IHa PeceKIrja Ha PeKTYHOT Kaj 167 manuentu. [lpucycrBo Ha
nuMdoBacKyIapHa MHBa3Wja ce NoTBpAu Kaj 55 (24,4 %), nonexa nepuHeBpaiHa uHBasuja kaj 77 (34,2
%) nauuentu. CpetHOTO NMpekuByBambe n3Hecysate 42,07 mecery. KopuctemeTo Ha HeoajyBaHTHA Xe-
MOpaJuo Teparuja Biaujaemie Ha npexusyBameTo (p < 0,033). [lanuenTure onepupanu co HUCKA NpeaHa
peceknmja umaa nopooOpo npexxusyBame (p = 0,001). [IpucycrBoTo Ha TUMQoBacKyIapHa U HEPUHEBPATIHA
WHBa3Mja Oerre aconupano co noJjora mporaosa (p < 0,001).

3akayuok: [lepuHeBpanara nHBa3uja Oemre mo3acrtaneHa of JuMdoBackymapHata. [lamuenTn-
TE CO CIPOBEJICHA HEOa[jyBaHTHA XEMOPaIHoTepandja uMaa mogo0po npexuByBame. [IpucycTBOTO Ha
nuMdoBacKyIapHaTa ¥ IepHHEBpaIHATa HHBa3Mja Oelle acolUpaHo CO MOJIoMIa MPOrHO3a BO MO Ha
CEBKYITHOTO MPEKUBYBAE Kaj MAIUCHTUTE CO PEKTAICH KAPIIHHOM.

KuyuHu 360poBH: pekTajeH KaHiep, TuM(oBacKyiapHa HHBa3Hja, IEpUHEBpaIHa HHBa3M]ja, Mpe-
JKUBYBamE€, [IPOrHO3a



