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Simple Summary: Cervical cancer can spread through lymph nodes in various forms, including
small clusters of tumor cells and larger metastases. This study focuses on understanding how this
spread occurs, what risk factors contribute to it, and how it might be tracked and potentially
prevented. By analyzing the cases of twenty-seven women with early-stage cervical cancer who
underwent detailed lymph node examination, we investigated how different tumor characteristics
might predict the spread to lymph nodes. We found that only invasion of the lymphovascular spaces
consistently predicted lymph node events, suggesting it as a potential target for early intervention.
Our findings highlight gaps in current prevention strategies and point to areas where more targeted
approaches could help reduce the spread of cervical cancer, offering valuable insights for future
research in this area.

Abstract: Background: Cervical cancer lymph node metastasis involves lymphovascular space
invasion (LVSI), isolated tumor cells (ITC), and micro- and macro-metastases (MIC and MAC), all
potential targets for prevention and treatment. Purpose: This study aimed to track cancer spread,
identify risk factors for lymph node metastasis, and explore avenues for prevention. Methods: We
conducted a retrospective analysis on 27 early cervical cancer patients (tumor size < 4 cm) who
underwent sentinel (SLN) and non-sentinel (nSLN) lymph node dissection and histopathological
ultrastaging. Patient and tumor characteristics associated with lymph node events (LNE) and
prevention efforts were analyzed, following STROBE guidelines. Results: Primary prevention steps
were absent, secondary prevention was limited to opportunistic measures, and follow-up served as
tertiary prevention. LNE occurred in 11 of 27 cases: 4 with ITC alone, 1 with MIC alone, 1 with both
ITC and MIC, 1 with MAC alone, and 4 with both MIC and MAC. Obturator and external iliac lymph
nodes were most commonly affected, and only LVSI was a significant predictor of LNE (p < 0.05).
Among LNE cases, 9 patients were at FIGO stage 1b1 and 2 at stage 1b2. The smallest tumor with
lymph node burden (ITC in both SLN and nSLN) was 2.0 cm, while MAC alone occurred in a single
nSLN case. Conclusions: Limited prevention at all levels contributes to lymph node metastasis in
about half of early-stage cervical cancer cases. FIGO stages do not adequately predict the extent,
type, or distribution of lymph node invasion.
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Introduction

The lymphatic system plays a crucial role in cancer spread, a process that can be traced through
various tests [1-3]. This makes the lymphatic system critical in cancer management at all stages, such
as prevention to local control of the disease [4]. The current standard of care for early cervical cancer
(with no suspected lymph nodes on imaging) involves sentinel lymph node (SLN) dissection and
histopathologic ultrastaging (serial sections and immunohistochemistry) of SLNs in the final
specimen (with an optional intraoperative SLN examination), especially in the setup of fertility-
sparing [5]. Lymph node staging is unnecessary in Tlal stage without lymphovascular space
invasion (LVSI), but SLN dissection (SLND) alone is recommended in T1al with positive LVSI and
in T1a2 cancers, while systematic lymphadenectomy with optional SLND remains the standard for
stages T1b1-3, T2al and some T2a2 [5,6]. Despite the good prognosis of early cervical cancer and
significant improvements in survival rates over the past few decades, 5 to 26% of patients experience
different kind of relapse after receiving appropriate primary treatment [7].

Although the risk factors for cervical cancer are well-established, it remains essential to
determine risk factors associated with low-volume nodal metastasis, such as micrometastases (MICs)
and isolated tumour cells (ITCs) [5,8,9]. There is an urgent need to determine whether the progression
of cancer can be effectively halted. Several studies have examined various risk factors for developing
and treatment of cervical cancer, highlighting the need for a targeted approach to prophylaxis that
addresses these risks at the histopathological level [10,11].

In a previous study [12] involving 54 patients with FIGO IA2-IB1 cervical cancer (FIGO 2009-
2018 classification system), we identified only one patient with a real false-negative result in non-
SLN assessed through ultrastaging. This study was one of those that in analysing all lymph nodes
subjected to histopathological ultrastaging, both SLNs and non-SLNs (nSLNs), regardless of one- or
two-sided SLN colouring [13]. The case in question did not adhere to the expected stepwise
progression through the lymphatic system, where all stages of lymphatic involvement—
lymphovascular space invasion (LVSI), ITC, MIC, and macrometastasis (MAC)—should be present
in a single case as a pathological continuum in lymph node involvement. This led us to reexamine
the distribution of lymph node events at the individual patient level, along with evaluating
preventive measures at primary, secondary, and tertiary levels for each patient.

Methods

We followed the STROBE Reporting Guidelines [14]. The inclusion criteria were patients >18
years-old undergoing Piver-Rutledge class IlI radical hysterectomy for CC FIGO stage IA2-IB1 (FIGO
2009-2018 staging system) who had SLND procedure along with subsequent lymphadenectomy and
pathological ultrastaging performed between 1st January 2010 and 30th April 2014. Exclusion criteria
included lack of SLND concept (regional lymphadenectomy without SLND). This subset of 27
patients with SLND from the original cohort of 54 patients in our prior study was selected for detailed
re-evaluation in this ancillary analysis. All excised lymph nodes, including SLNs and non-SLNs
(nSLNs), were subjected to histopathologic ultrastaging. Our ultrastaging method involved
systematic sectioning of lymph nodes every 150 micrometres into 4-micrometre-thick slices. The
specifics of our histopathologic processing are detailed in two prior publications [12,15].

We reviewed all 27 cases for the following parameters: patient age; primary, secondary, and
tertiary prevention measures; initial cancer symptoms; histopathologic cancer subtype; FIGO stage
(FIGO 2018 staging system) [16]; tumour size according to histopathological evaluation; depth of
cancer invasion; presence of lymphovascular space invasion (LVSI) in cancer tissue as well as in
paracervical/parametrium tissue; type and location of lymph node events within the pelvis (or/and
paraaortic area); and lymph node burden. Nodal disease burden measured by the dimension of the
largest lymph node event in each individual lymph node with the event. If they were ITCs, the value
<0.2 mm per case was recorded. Study organisation is presented in Figure 1. This comprehensive
approach enabled us to precisely track the metastatic progression in our patients and pinpoint critical
intervention that could alter the disease’s course in a preventive manner. We expanded our analysis
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to determine the risk factors through these 27 patients, with similar treatment eligibility criteria. We
did not re-assess of the status of lymph nodes since ultrastaging was already performed.
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Figure 1. Study flow.

We analysed the type of prevention present in our group of patients. The aim of primary
prevention is to prevent the disease from occurring in the first place - the worldwide known, most
effective strategy in this category is vaccination against human papillomavirus (HPV), the virus
virtually responsible for the most of cervical cancer cases. The HPV vaccine is designed to protect
against the most common and high-risk types, significantly reducing the likelihood of developing
cervical cancer. The primary prevention is also controlling other risk factors, like tobacco smoking.

Secondary prevention focuses on the early detection and treatment of precancerous conditions
before they progress to cancer. Regular screening through Pap smears and HPV testing is critical in
this regard. These screening methods can identify abnormal cervical cells early, allowing for timely
interventions that can prevent the development of cervical cancer. It is essential for women to engage
in routine screening and follow-up care.

Tertiary prevention is concerned with follow-up and rehabilitation procedures to reduce the
impact of the disease on the patient’s life after main treatment. Follow-up options in cervical cancer
may include regular gynaecological examinations, Pap smears, transvaginal ultrasound, and other
imaging tests depending on the stage of cancer and symptoms occurring after treatment.
Furthermore, providing psychological, social, and rehabilitative support is vital for enhancing the
quality of life for survivors. Tertiary prevention aims not only to extend life but also to ensure that
survivors can lead fulfilling lives after treatment.

This study received approval from the institutional review board (NKBBN/558/2014-2015).

Results

General Results

The characteristics of the study population are presented in Table 1. The average age of patients
was 49.6 years. Of 27 individuals with FIGO 1a2 to 1b2 stage (FIGO classification system of cervical
cancer 2018-), 7 patients (26%) had MIC alone or MIC and MAC, or MAC alone, and 4 (15%) ITC
(Figure 1, Table 2). These 11 patients with LNE did not differ significantly in terms of all but one
(LVSI) analysed pathology-related tumour factors from those who did not have LNE (Table 3).

None of the cases underwent primary prevention. Pap smear was used as a secondary
prevention and as a tertiary prevention was follow-up. There is no data what were the first symptoms
in most cases, but if they were, it was abnormal uterine bleeding (AUB). Most of patients had
squamous cell carcinoma in FIGO (2018-) stage Ib2 (n = 14, 52%) with the average depth of invasion
10 mm (4 — 20 mm). In most cases there was no LVSI and the most common nodal pathology was
macrometastasis (MAC).

Table 1. Characteristics of the study population (n=27 patients).

Characteristic Result

Age of a patient (average years) 49.6 (24 - 66)
Primary prevention No
Secondary prevention Pap smear
Tertiary prevention Follow up
First symptoms attributed to cervical cancer

(number of cases per cent)



https://doi.org/10.20944/preprints202411.1256.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted:

18 November 2024

d0i:10.20944/preprints202411.1256.v1

AUB 9(33.5)
Discharge 3 (11.0)
Mixed 3(11.0)
No symptoms at all 2 (7.5)
No data 10 (37.0)
Time from the first symptoms to admission | 1-6 (3.8)

(average in months)

Tumor size at histopathologic examination

(average in millimetres)

22.4 (6.0 - 55.0)

FIGO stage (2018-) (number of cases)

Ib1l 11

Ib2 14

Ib3 1

Depth of cancer invasion (average in | 10.0(4.0-20.0)
millimetres)

Cancer type (number of cases)

squamous cell carcinoma 25
adenocarcinoma 2
Tumor grade (number of cases)

1 2
2 14
3 11
LVSI (number of cases)

intratumoral 10
extratumoral

intratumoral and extratumoral

no 13
ITC (number of cases)

Per node*” 12
Per patient# 4
MIC (number of cases)

Per node*” 24
Per patient# 2
MAC (number of cases)

Per node*” 30
Per patient# 5
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Legend: FIGO - International Federation of Gynecology and Obstetrics, ITC - isolated tumor cells, MIC -

micrometastasis, MAC - macrometastasis; *irrespective of SLN or nSLN; “refers to one (dominant) lymph node

event per lymph node;.

Prevention

For primary prevention of cervical cancer, none of the 27 patients had received the vaccine
against HR HPV. None of this whole group had received sex education at school.

In terms of secondary prevention, most patients came to the gynaecologist privately for a
gynaecological check-up or as an opportunistic cervical cancer screening with conventional cytology
on irregular basis (no population-based screening). Tertiary prevention consisted of follow-up, with

attempts being made to transfer patients without lymph node events to care outside the centre (Table

2).

Table 2. Detailed analysis of prevention in the study population (n=27 patients).

Level of

prevention

Main

representative

Description

Result

Primary

Controlling

factors

risk

Education on  cervical
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HPV vaccines
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Cytology

smear)

(Pap

Pap 1

Pap 2

Pap 3 (ASCUS)
Pap 4 (HSIL)
Pap 5 (CA)

No data

N &= N WO =

Tertiary

Follow up

Subgroup  with  LNE

(n1=11)

On site
Outside the centre
Mixed

Unknown*

Subgroup without LNE
(n2=16)

On site
Outside the centre
Mixed

Unknown*

e e ® 1 B
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Lymphatic Tracts
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Table 3 presents the relationship between tumour-related factors and potential lymph nodes
involvement. All cancer lesions in the lymph nodes were considered together. Only LVSI (either
intra- or/and extratumoural) showed a statistically significant relationship with events in lymph
nodes (regardless of whether SLN or nSLN).

Table 3. Differences between metastatic and ITC-positive vs. nodal event-free patients (total 27

patients).

Characteristic Lymph nodal status (event-positive vs. -negative)
Histological tumor subtype p=0.31344* (NS)

Grade p=0.19669* (NS)

Tumor size p=0.23763* (NS)

Depth of invasion p=0.310" (NS)

LVSI p=0.02278* (S)

Legend: LVSI - lymphovascular space invasion; NS - non-significant; S - significant (p<0.05): *chi-square test; "t-
student test; p - p value.

In Table 4, we presented the distribution of lymph node events in early cervical cancer. The type
and size of LNE did not correlate with the FIGO stage. It should be noted that the subgroup without
LNE (16/27) had similar FIGO stages (Figure 1). The most common pathology in the lymph nodes
was MAC (6/11 cases) and it was the most common lesion type in external iliac and obturator lymph
nodes. The same is true of ITC. However, MIC and ITC (but not MAC) were also remarkable events
in the lymph nodes of the remaining anatomic locations (common iliac, parametrial). The possible
levels and points of prophylactic interventions are depicted in Figure 2.

Table 4. Lymph nodal burden and localisation of the event-positive (either MAC, MIC or ITC) lymph

nodes.
Localisation of lymph node events
Pat | FI | Max | Tota | Min | Max
ien |G |imal |1 imal | imal Rig | Left | Righ [ Left | Righ [ Left | Para | Para
t O |lesio | max |lym |lym ht exte |t obtu |t com | aorti | metri
sta | n imal | ph | ph exte | rnal | obtu | rator | com | mon |c al
ge |type |lym |nod |nod rnal | iliac | rator mon | iliac
@0 ph e e iliac | nod iliac
18- nod | bur | burd nod | es
) e den |en €s
bur | (mm | (mm
den )
(mm
)
™ |1b | MA |183 |03 7.0 MA |MA |0 0 0 0 0 MAC,
2 C C, C, MIC
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MI | MI
C C
W] |1b [ITC [<0.2 | N/A [N/A |0 ITC |0 ITC |0 0 0 0
2
JM [1b |ITC |<02 |N/A |N/A |ITC |0 ITC (0O 0 0 0 0
M |2
KT |1b |ITC [|<0.2 [N/A |N/A |ITC |0 0 0 0 0 0 0
M (2
PM [ 1b | MIC |28 N/A | 1.6 0 0 0 MIC (0 MIC | 0 0
H 1 ,ITC
JL [1b |ITC |<0.2 |N/A [N/A |0 ITC |0 ITC |0 ITC (0 ITC
1
SD [1b | MA [34.0 |20 13.0 [MA | MA |MA |MA |0 0 0 0
2 C C C G C
MI MIC
C
P- [1b | MA [106. |20 17.0 |0 MA |MA |MA [MIC [MA |0 0
OE |2 C 0 C C C C
MI | MIC
C
OS [1b | MA |25 25 25 0 0 MA |0 0 0 0 0
1 C C
BM [1b | MIC (025 | 025 |025 [MI |O 0 0 0 0 0 0
2 C
MS [1b | MA [125 |03 100 (MI |MA |0 0 0 MIC | MIC (0
W |2 C C G
MI
C

Legend: ITC - isolated tumor cells; MAC - macrometastasis; MIC - micrometastasis.
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Figure 2. Location of cervical cancer prevention types in the lymphatic system.

Discussion

Our study based on the analysis of 27 patients with FIGO stage 1a2 to 1b2 cervical cancer has
shown that MIC and/or MAC were present in 7 of the patients, while 4 patients presented ITC.

The novelty of the current study is that the ultrastaging approach allows to trace the progression
of metastases through the lymphatic route, and the reanalysis of cases allows for the analysis of the
epidemiology of patients and for the further proposals of procedures that could change the course of
the disease. Based on the above, we selected this group for in-depth analysis through the prism of
prevention.

In a previous study of 52 patients, in which a cohort of 27 patients with ultrastaging was matched
with 27 control patients without ultrastaging, LVSI was the only factor that differentiated both groups
[12]. Our previous study showed that ultrastaging of all nodes did not change the Tumour-Node-
Metastasis (TNM) system status nor have an impact on prognosis. We hypothesized that LVSI is a
strong predictor of lymph node metastases, which may be independent of positive SLNs as was
suggested by the results of SENTICOL I and II, and MICROCOL studies [17,18]. Our protocol
corresponded with that of SENTICOL except on the use of lymphoscintigraphy [19]. However,
although extensive study on LNE with ultrastaging in our study, we were unable to demonstrate the
presence of LVSI, ITC, MIC and MAC in the lymph nodes (SLN or nSLN) even in one patient. This
notion is in line with the fact that nodal spread is an uncommon phenomenon, which occurs via a
more disseminated pathway, not only from an anatomical point of view (upper and lower pathway),
but also from a typological one (MIC and MAC issues but not ITC) [20-22]. However, it must be
clearly stated that the importance of ITC is not yet fully established and should not be completely
dismissed in the treatment decision-making process [23].

Prevention of cervical cancer can be achieved through vaccination against HR HPV subtypes,
sexuality education, quitting smoking tobacco, slow food (primary prevention), routine cervical
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screening and HR HPV testing for early detection and treatment (secondary prevention), and
administering post-treatment controls timely and effectively (tertiary prevention) [4,23].

Anti-HR HPV vaccine was first introduced in Poland in November 2006. According to the
international guidelines, introduced into Polish National Health Fund - financed system from 1
September 2024, children from 9 years of age up to 14 years of age for both, girls and boys, are eligible
for anti HR-HPV vaccinations. Sexuality education, despite its long history in Poland, is far from the
quality and universality recommended by World Health Organisation [24,25]. The law banning
smoking in public spaces and in restaurant rooms was introduced in Poland in November 2010. It
should be noted, however, that the availability of some preventive options permeates society slowly,
and the latency period of cervical cancer in the average-risk population (i.e., non-HIV carriers, no
immunocompromised patients) lasts even dozen years - this together means that cervical cancer in
our group of patients was often detected at the moment of symptom onset (this is a real picture of
the effectiveness of primary prevention in Poland at that time).

In nearly half of patients Pap smear was rather a confirmatory approach of symptoms than a
form of organised screening. The screening was an opportunistic one although there was a systematic
screening available in Poland in those times (started in 2006, for 25-59 aged women). The benefits of
secondary prevention in terms of liquid-based cervical cytology (or conventional cytology as a
secondary option) and HR-HPV testing with colposcopy as a diagnostic and treatment tools are well
known.

The risk of cervical cancer lymph node recurrence is clearly associated with routinely recorded
markers for adverse prognosis. Guidelines published by the European Society of Gynaecological
Oncology (ESGO), European Society for Medical Oncology (ESMO), and National Comprehensive
Cancer Network (NCCN) do not contain any individualisation of the surveillance, indicating a lack
of agreement on the best post-treatment follow-up regarding lymph nodes events [26]. The annual
recurrence risk model (ARRM) calculator (https://esgo.org/calculators/) has shown promise for
tailored tertiary prevention of cervical cancer but not yet for lymph nodes [23]. As part of the tertiary
prophylaxis, patients with cervical cancer who have undergone conization can be vaccinated against
HPV [27].

In addition to preventive measures at different levels, it is worth mentioning the emerging
possibilities of nanodiagnosis, which can mix prevention and treatment. Nanodiagnosis offers
promising potential in the detection of metastatic lesions, with several approaches currently
undergoing clinical trials. Besides improving tumour imaging contrast, nanoparticles have been
utilized for locoregional imaging, early detection of metastases, and the identification of
disseminated and circulating tumour cells, which are critical for therapeutic interventions [28].

A number of studies can be put forward to underlie the paradigm of qualitatively graded (LVS]I,
ITC, MIC, MAC) and quantitatively graded (SLN in different anatomical locations) spread of cervical
cancer [9,20,29-34]. Since the risk of LNE (to the level of ultra-staging of nodes) does not reflect the
FIGO stage in early cervical cancer, the best solution to avoid LNE, lymphatic morbidity and further
dilemmas for the patients and healthcare systems is to prevent the disease at all [35-37]. Therefore,
substantial efforts should be focused on prevention at all levels.

Strengths and Limitations of the Study

The main strength of this study is its demonstration that the lack of cervical cancer prevention
leads to lymph node involvement, which can be documented through histopathological ultrastaging.
This effect of insufficient prevention is independent of the FIGO stage. Another strength is that our
study was an attempt to find out to what extent the presence of effective prevention could lead to
decreased morbidity associated with LNE, suggesting that effective screening and adaptive follow-
up strategies could be of value. We also sensitised how striking is the contrast between the real-
world-based situation of prevention and the expenditure not only on the assessment of lymph nodes
in ultrastaging, but also on the subsequent highly specialised treatment.
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The main limitation is its design as a monocentric and retrospective single-cohort study. A
decade ago, primary documentation, such as patient anamnesis, was often completed by residents
and compared by the operator, but without supplementation, as the documentation was sometimes
still paper-based at that time. Consequently, we were unable to answer why, among cases with
similar characteristics, one group had LNE while the other did not. It's just known in advance that
this question cannot be answered.

The second limitation, resulting from the schedule of study, is the lack of a control arm. In
response it must be said that more than 10 years after the first patient, there is currently no vaccinated
group with cancers of the same size in which we could check the extent of (micro)metastatic disease.
Hypothetically, we can only assume that in a matched, vaccinated group of women, cervical cancer
prompting full lymphadenectomy will not occur at all. This does not rule out the possibility of very
low-volume nodal disease, such as the presence of ITCs in the lymph nodes.

The third limitation is that we did not undertake OS/DEFS re-evaluation in our study.

Recommendation for Prevention

In conclusion, the prevention approaches are hopefully the answer for the current dilemma of
whether sentinel lymph node dissection is sufficient for staging and treatment purposes in early
cervical cancer. All stages of prevention can finally replace treatment of cervical cancer patients, thus
decreasing patients” morbidity and mortality, and saving money for health systems as well.
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