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�
 ABSTRACT 

Purpose: Treatment of locally advanced cervical cancer (LACC) 
is guided notably by the European Society of Gynaecological On-
cology guidelines; unfortunately, relapse remains frequent despite 
standard chemoradiotherapy and brachytherapy. We evaluated 
whether histologic assessment of nonmetastatic para-aortic lymph 
nodes (PAoLN) provides prognostic value in LACC. 

Experimental Design: Primary tumor and PAoLNs from 
137 patients with nonmetastatic LACC were stratified by pre-
therapeutic 18F-20-deoxy-20-fluorodeoxyglucose PET/CT into 
pelvic PET–positive (pPET+, n ¼ 72) and pelvic PET–negative 
(pPET�, n ¼ 65) groups. Immunohistochemistry on whole sec-
tions assessed germinal centers, CD4+, CD8+, FOXP3+ cells, 
neutrophils [CD66b+, neutrophil extracellular traps (NET)], and 
high-endothelial venules (HEV). Associations with progression- 
free survival (PFS) were examined via uni- and multivariate an-
alyses after a median follow-up of 55.4 months. 

Results: The primary tumor profile was not associated with 
outcome, whereas PAoLN features were strongly predictive. In 

pPET� patients, higher NETs were associated with shorter PFS 
[P ¼ 0.015; hazard ratio (HR) ¼ 2.768], whereas an elevated 
CD4/CD8 ratio improved outcomes (P ¼ 0.047, HR ¼ 0.497). In 
pPET+ patients, shorter PFS was linked to FOXP3+ (P ¼ 0.04, 
HR ¼ 1.918) and proliferating FOXP3+ cell (P ¼ 0.018, 
HR ¼ 1.668) density. Across the full cohort, abundant germinal 
centers (P ¼ 0.0355, HR ¼ 0.273) and an elevated CD4/CD8 ratio 
(P ¼ 0.001, HR ¼ 0.490) independently correlated with lower 
recurrence risk. Internal validation was conducted through a 
bootstrap resampling method. Combinatorial analyses revealed 
distinct predictive signatures according to pPET status: higher 
NETs, fewer germinal centers, and International Federation of 
Gynaecology and Obstetrics IIA1 to IIIB status predicted relapse 
in pPET� patients. 

Conclusions: Integrating pPET status with PAoLN histologic 
analyses improves recurrence risk stratification in LACC. PAoLN 
evaluation may serve as a complementary tool to guide treatment 
intensification and surveillance strategies. 

Introduction 
Cervical cancer accounts for approximately 660,000 new cases 

and 350,000 deaths annually, ranking as the fourth most common 
malignancy and cause of cancer-related mortality among women 
worldwide (1). Notably, it is the second leading cause of cancer 
death among women aged 18 to 44 years across both high-income 

and low- to middle-income countries (GLOBOCAN 2022). The 
clinical management and prognosis of cervical cancer are guided by 
the disease stage as defined by the International Federation of Gy-
naecology and Obstetrics (FIGO) classification system (2). The 
disease progresses from early stage, defined by tumors <4 cm con-
fined to the cervix, to locally advanced cervical carcinoma (LACC), 
characterized by tumors >4 cm and/or extension into adjacent 
pelvic structures. In 2018, the FIGO staging system was revised to 
incorporate imaging and pathologic findings, including the lymph 
node (LN) status [not metastatic (M0)/metastatic (M+)] due to their 
prognostic significance. The detection of LN metastases by imaging 
modalities automatically upstages FIGO stage IIIC1 for pelvic LNs 
to stage IIIC2 for para-aortic (PAo) LNs (PAoLN), irrespective of 
primary tumor size or local spread. Indeed, LN involvement is a 
strong prognostic factor, associated with a higher recurrence risk 
and poorer overall survival (OS; refs. 3–6). According to European 
Society of Gynaecological Oncology/European Society for Radio-
therapy and Oncology/European Society of Pathology guidelines, 
the standard treatment for LACC (FIGO 2018 stages IB3–IVA) 
consists of cisplatin-based concurrent chemoradiotherapy followed 
by brachytherapy. Treatment is further tailored according to the 
nodal status assessed either by pretherapeutic PET/CT using 18F-20- 
deoxy-20-fluorodeoxyglucose imaging (referred to below as PET) or 
by LN surgical staging. In cases of nodal involvement, management 
may include an external beam radiotherapy boost to the affected LN 
and an extended field of radiotherapy to the PAo area (7). In the 
current era of treatment de-escalation and precision surgery, the 
role of PAo lymphadenectomy is increasingly being questioned, 
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particularly in patients with negative PET findings. Indeed, this 
surgical procedure is associated with increased complications and 
morbidity, and its diagnostic and therapeutic benefit remains un-
clear (8–11). Despite advances in multimodal treatment, including 
surgical staging, about one third of patients with LACC treated with 
concurrent chemoradiotherapy and brachytherapy experience re-
currence (12, 13). 

The persistent risk of relapse highlights the need to identify re-
liable risk signatures at diagnosis, ideally within primary tumors 
and/or within PAoLNs, to improve recurrence risk stratification in 
patients with LACC and individualize their treatment. In this study, 
we investigated immunologic modulation within the primary tumor 
and PAoLN at the time of diagnosis, focusing on key immune 
variables including B-cell germinal centers; CD4+, CD8+, and 
FOXP3+ T cells; neutrophils; neutrophil extracellular traps (NET); 
and high-endothelial venules (HEV) as critical regulators of lym-
phocyte trafficking and immune surveillance. We evaluated whether 
immunologic alterations varied within PAoLN of patients with 
positive versus negative pelvic PET (pPET) findings and correlated 
with clinical outcomes. Primary tumors were also analyzed to assess 
corresponding histopathologic features. We provide evidence that 
pPET scan status, when integrated with PAoLN analyses, but not 
primary tumor features, is a reliable predictor of recurrence risk. 
Our study highlights the added value of PAoLN staging to identify 
patients with LACC most likely to benefit from treatment intensi-
fication and/or more cautious follow-up. 

Materials and Methods 
Human tissue samples 

The retrospective single-center cohort included 155 female pa-
tients diagnosed with LACC and treated at the University Hospital 
of Liège (Belgium) between May 2010 and April 2022. The median 
age was 52 years. LACC stage was defined according to the FIGO 
2018 classification (IB3–IVA). To be eligible, patients must (i) have 
received a diagnostic/pretreatment PET scan, (ii) have undergone 
laparoscopic PAo lymphadenectomy, (iii) have been treated with 

concomitant chemoradiotherapy (CCRT) followed by brachyther-
apy, and (iv) have no detectable metastasis in PAoLNs through 
histologic examination. The overall prevalence of human papillo-
mavirus (HPV) positivity was 98%. Given this minimal variability in 
HPV status, particularly within the squamous cell carcinoma (SCC) 
subgroup, in which all tumors were HPV+, HPV infection was not 
included as an independent covariate in the multivariable models, as 
its near-uniform distribution precluded meaningful stratified or 
adjusted analyses (Supplementary Table S1). 

Formalin-fixed, paraffin-embedded LNs and/or primary tumor 
samples collected before treatment were available for all patients and 
provided by the Biobank of the University Hospital of Liège (Bel-
gium). All specimens were reviewed by experienced pathologists 
and classified as metastatic or nonmetastatic. Clinical and patho-
logic data were retrieved from electronic medical records. Patients 
with incomplete clinical data or unavailable tissue material were 
excluded. 

The study protocol was approved by the Institutional Ethics 
Committee of the University Hospital of Liège (2024-438). The use 
of human body material from the biobank does not require consent 
forms (Belgian law of December 19, 2008). 

Immunofluorescence on human LN sections 
PAoLN and primary tumor biopsies from patients with LACC 

were fixed in 4% formaldehyde directly after lymphadenectomy or 
tumor biopsy, respectively. Then, they were paraffin-embedded and 
sectioned at 4 µm. Tissue sections were rehydrated through suc-
cessive xylene, alcohol, and water baths. Heat-induced antigen re-
trieval was performed using Dako target retrieval buffer at pH 9.0 
(Dako, S2367). After cooling for 20 minutes and rinsing with water, 
nonspecific background noise was reduced using TrueBlack (Cell 
Signaling Technology, 92401 S). Slides were then blocked with an 
animal-free blocking solution (Cell Signaling Technology, 15019 L) 
for 30 minutes, followed by incubation with the primary antibody 
of interest diluted in antibody diluent (Dako, S2022) for 1 hour at 
room temperature or overnight at 4°C in a humidified darkroom. 
Samples were washed with PBS and incubated with the appro-
priate secondary antibody. These steps were repeated for com-
bined stainings. Slides were mounted with DAPI mounting media 
(SouthernBiotech, 0100-20). 

Different combinations of antibodies were applied to serial sections 
of primary tumors and PAoLNs. Primary tumor sections were labeled 
with combinations of CD4/CD8/alpha smooth muscle actin (αSMA)/ 
cytokeratin, CD66b/FOXP3/cytokeratin/αSMA, and PNAd/cytokeratin/ 
αSMA. For PAoLNs, stainings included PNAd, CD4/CD8, CD66b/ 
FOXP3/Ki67, and citrullinated histone H3 (H3cit)/myeloperoxidase 
(MPO). 

The antibodies and all associated information are listed in Sup-
plementary Table S2. 

Virtual image acquisition and quantification 
Virtual images were acquired with SLIDEVIEW VS200 from 

Olympus at 20� magnification (Olympus), equipped with a 
UPlanXApo 20� 0.8 objective (Olympus) and a Hamamatsu 
ORCA-Flash camera, using DAPI, FITC, Cy3, Cy5, and Cy7 filter 
sets. All quantitative analyses were conducted on whole tissue sec-
tions using QuPath software version 0.5.1 (RRID: SCR_018257) to 
determine either the stained area or the number of positive cells/ 
structures (HEV, germinal center). For CD4+ and CD8+ cell eval-
uation, density was defined as the ratio of the stained area to the 
stromal section area. For FOXP3+ cells, CD66b+ cells, NETs, 

Translational Relevance 
Despite multimodal therapy, patients with locally advanced 

cervical cancer (LACC) face a high risk of relapse, and current 
International Federation of Gynaecology and Obstetrics (FIGO) 
2018 staging provides limited prognostic discrimination. Our 
study demonstrates that histologic evaluation of para-aortic 
lymph nodes (PAoLN), when integrated with pelvic 18F-20-de-
oxy-20-fluorodeoxyglucose PET/CT status, refines recurrence 
risk assessment beyond conventional staging. Distinct immune 
signatures in PAoLNs—particularly germinal center activity, 
FOXP3+ T-cell expansion, CD4/CD8 ratio, and neutrophil ex-
tracellular trap (NET) density—identified subgroups of patients 
with differential relapse risk. The global multivariate model was 
translated into a nomogram incorporating three factors to fa-
cilitate individualized risk assessment in clinical practice. These 
findings highlight the clinical value of PAoLN immune profiling 
as a complementary biomarker strategy, which may enable more 
precise stratification of patients for treatment intensification or 
tailored surveillance. 
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germinal centers, and HEVs, density represents cell/structure 
number/mm2. 

With respect to primary tumor samples, stromal versus tumor 
segmentation was computationally performed based on cytokeratin 
positivity. Tumor-associated HEVs (TA-HEV) were defined as an 
object displaying a lumen and covered by αSMA-positive (αSMA+) 
cells, with PNAd detection on the lumen side. 

For PAoLN samples, the total number of HEVs was automatically 
counted by detecting every PNAd+ structure larger than 100 µm2 to 
omit putative artefactual objects. Lumenized HEVs were hand- 
detected, and their lumens were measured manually. To decrease 
slice sectioning bias, the smallest diameter was considered for 
complex vessels. Dilated HEVs are defined as HEVs displaying a 
lumen larger than 20 μm. A total of 36,841 HEVs and 2,475 dilated 
HEVs were analyzed for the pPET� group, and 52,748 HEVs and 
2,204 dilated HEVs were analyzed for the pPET+ patient 
group. Results were expressed as a percentage of dilated HEVs. 
NETs were quantified based on the colocalization of MPO and 
H3Cit staining. 

Statistical methods 
All the data were tested for normality by the Shapiro–Wilk test. 

Some parameters were log-transformed or square root transformed 
before their use in statistical models. Comparisons between groups 
were done with the Kruskal–Wallis H test followed by Dunn’s 
multiple comparison or the Mann–Whitney U test, as specified in 
the figure legends. Data are shown using the median with IQRs. 
Statistical significance was determined at P < 0.05, denoted as fol-
lows: *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001. 

The association between continuous variables was assessed using 
Spearman’s rank correlation coefficient (rs). To identify the most 
predictive signatures of relapse derived from multiple parameters, 
we applied an unbiased, combinatorial Cox regression–based pre-
dictive model approach. First, each parameter was evaluated indi-
vidually (univariate analysis). Next, all possible pairwise (2 � 2) and 
triplet (3 � 3) combinations were assessed. To prevent the gener-
ation of subgroups too small for meaningful statistical interpreta-
tion, we applied a minimum threshold of six patients per group 
(approximately 10% of both the pPET� and pPET+ populations). 
For each tested combination, two subgroups were generated: 
(i) patients meeting all combined criteria and (ii) all remaining 
patients. For every subgroup, we recorded the total number of pa-
tients, the number of relapse events, and the corresponding P value. 
Table A (Supplementary Figures S1 and S2) reports the data for each 
variable analyzed independently, whereas Tables B and C present 
only the data for those parameter combinations that significantly 
predicted relapse of the respective subgroups. All the used cutoff 
values are indicated in the figures, which correspond to the median 
of each patient group (pPET� and pPET+) when considering con-
tinuous variables. 

Progression-free survival (PFS) was analyzed according to the 
studied continuous variables (group-related) using Cox propor-
tional hazards (PH) regression. The Schoenfeld residuals test was 
performed for each model to assess the PH assumption. In cases 
where the PH assumption was not met (indicated by † in the tables), 
the model was corrected by adding an interaction term between the 
parameter and time (the interval between staging and relapse/last 
follow-up). Variables with a P value <0.10 in univariate analysis 
were then included in the multivariate model. When the PH as-
sumption was not met in univariate analysis, both the variable and 
the variable � time interaction were entered into the model if the 

variable remained significant after correction. Multivariate Cox re-
gression with stepwise selection was subsequently applied to the 
selected variables. In some instances, Firth’s correction was used. 
For uni- and multivariate analyses, the P value, the hazard ratio 
(HR) with its 95% confidence interval (CI), the results of the PH 
test, and the adjusted P values were reported for each variable. 
Multivariate analyses display only the statistically significant vari-
ables (P < 0.05). Statistical significance was set at a two-sided 5% 
level (P < 0.05). The dataset was bootstrapped 500 times to check 
the stability of the multivariate models. The model was applied to 
each resampling, and Harrel’s C-index was derived. The mean and 
SD of the 500 obtained C-indexes were calculated to give an esti-
mation of the mean and the precision (SE) of the original model. 
Multivariate Cox PH models were constructed by integrating clin-
ical parameters, PET imaging status, and PAoLN immune/vascular 
features identified as significant in univariate analyses. Area under 
the curve (AUC) over time was graphically reported to assess 
prognostic performance throughout follow-up. A nomogram was 
generated from the final multivariable models to provide individ-
ualized estimates of PFS at 12, 24, and 36 months. Cumulative 
incidence functions (CIF) were estimated within a competing risks 
framework. Locoregional recurrences (LRR) and distant recurrences 
(DR) were considered distinct failure types, whereas patients with-
out recurrence were treated as censored. CIFs were computed using 
the Fine and Gray subdistribution hazard approach, providing di-
rect estimates of the probability of each recurrence type over time. 
These time-dependent incidence estimates were subsequently 
combined with recurrence site information to construct time- 
resolved failure maps, allowing spatial visualization of recurrence 
patterns across follow-up. 

Statistical analyses were performed using GraphPad Prism 9.0 
(GraphPad Software, RRID: SCR_002798), SAS version 9.4 (RRID: 
SCR_008567), and R version 4.5.1 (RRID: SCR-001905). 

Results 
Workflow of the study 

In cervical cancer, most metastases typically progress stepwise, 
spreading from the pelvic region (primary tumor and pelvic LNs) to 
the PAoLNs. The patient cohort and sample overview are sche-
matically illustrated in Fig. 1, with PAoLN metastasis assessed 
histologically (PAoLN+ vs. PAoLN�; Fig. 1A) and PET scan used to 
classify patients as negative (pPET�) or positive (pPET+) for pelvic 
nodes (Fig. 1B). Primary tumor and PAoLN samples were subse-
quently analyzed via immunohistochemistry (IHC; Fig. 1C) for key 
immune and stromal markers to identify microenvironmental sig-
natures associated with recurrence risk. To ensure an unbiased 
approach and consider tissue heterogeneity, stained samples were 
whole-scanned and subjected to semiautomatic computerized 
quantification (Fig. 1C). 

Between 2010 and 2022, 155 patients with LACC were treated at 
the University Hospital of Liège (Fig. 1D). Eighteen patients with 
PAoLN metastases at diagnosis were excluded, resulting in 137 eli-
gible patients. The cohort was divided into two subgroups: 72 pa-
tients classified as pPET– (no pelvic node uptake) and 65 as pPET+ 

(pelvic node uptake). Biomarker analyses were performed in all 
137 patients using pretreatment samples obtained at diagnosis. For 
survival analyses, seven patients who received additional treat-
ments were excluded to obtain a final cohort of 130 patients 
uniformly treated with CCRT followed by image-guided brachy-
therapy (IGBT). 

AACRJournals.org Clin Cancer Res; 2026 OF3 
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The clinical and pathologic characteristics of the patients are 
summarized in Supplementary Table S3. The median age was 
52 years. All patients underwent PAoLN staging, allowing con-
firmation of PAoLN negative (PAoLN�) status. SCC was the 
predominant histologic subtype (84.7%). FIGO stages IIIC1 to 
IVA represented 50% of cases, followed by IIA1 to IIIB (35.8%) 
and IB3 (13.1%). The median tumor size on MRI was 48 mm 
(IQR: 39–56 mm). The median interval time from staging to 
treatment completion was 2.4 months. On PET scan, pelvic LNs 
were considered positive and negative in 52.5% and 47.4%, re-
spectively. pPET scan positivity in patients treated with com-
bined CCRT and IGBT conferred a two-fold higher risk of 
recurrence [HR (95% CI), 2.251 (1.139–4.451); Fig. 1E], under-
scoring its association with adverse prognosis in patients with 
LACC. Given that pPET scan status was predictive of recurrence 
and patient characteristics were well balanced (Supplementary 
Table S3), all analyses were stratified according to pPET+ and 
pPET� groups. 

The median follow-up was 55.4 months. The 5-year OS and PFS 
were 73.83% and 72.53%, respectively. During follow-up, recurrence 
was observed in 34 patients (26.2%), and 28 patients (21.5%) died 
from cancer. 

T-cell infiltration profile differs in primary tumors of patients 
according to pPET status 

IHC was conducted on the available primary tumor samples ob-
tained from patients with nonmetastatic PAoLN disease (PAoLN�; 
n ¼ 91). Immune markers were quantified within the stromal com-
partment delineated through cytokeratin staining (Fig. 2A–C). The 
CD4/CD8 ratio was significantly reduced in patients with a positive 
pPET scan (Fig. 2D). This may be explained by CD8 density, which 
tended to increase in these patients, whereas CD4 density was similar 
in pPET+ and pPET� patients (Fig. 2E and F). Densities of FOXP3+ 

cells and CD66b+ cells were indistinguishable between the two patient 
groups (Fig. 2G and H). These results reflect a differential profile of 
CD8 T-cell infiltration in the tumor stroma of patients according to 
pPET status. 

The pattern of TA-HEVs differs according to pPET status 
Given their established role in immune cell recruitment, we also 

quantified the density of TA-HEVs, defined as lumenized peripheral 
node addressin positive vascular structures (PNAd+ vessels) covered 
by αSMA+ cells, within the tumor stroma (Fig. 2I). Based on the 
median and quartile distribution of TA-HEV density, samples were 
classified into four categories: class I (0 vessels/mm2), class II 

n = 155
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Additional
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n = 65n = 72
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%
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Figure 1. 
Study design and clinicopathologic features of patients with LACC. A and B, Schematic representation of the para-aortic (A) and pelvic (B) regions in patients 
with cervical cancer. The retrospective cohort includes primary tumor and PAo (PAoLN) samples from patients with LACC (n ¼ 155), stratified by the absence 
(PAoLN�) or presence (PAoLN+) of metastatic PAoLNs assessed through histologic examination. Pelvic disease status was defined by PET as negative (pPET�) 
or positive (pPET+) (B). C, Workflow of immunohistochemical analyses of patient biopsies. Whole tissue sections were imaged and computationally analyzed 
using QuPath software. Uni- and multivariate statistical analyses were performed to identify predictive signatures integrating biological parameters with clinical 
data. D, The cohort included 155 patients: 18 patients had metastatic PAoLN, and 137 did not (regardless of pPET scan status). Uni- and multivariate analyses 
were performed in the subgroup of 130 patients who received uniform treatment with CCRT followed by IGBT. E, Kaplan–Meier plots showing the impact of pPET 
status on PFS in patients treated with CCRT and IGBT. Log-rank test; *, P < 0.05. 
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(0–1.173 vessels/mm2), class III (1.173–4.362 vessels/mm2), and 
class IV (4.362–22.644 vessels/mm2; Fig. 2J). Overall, PNAd+ vessel 
density tended to decrease in the pPET+ group compared with the 
pPET� group although this difference did not reach statistical sig-
nificance (Fig. 2K). When stratifying by TA-HEV class, tumors 
from pPET+ patients display a shift toward lower TA-HEV classes, 
with an enrichment in classes I and II (58%) and a relative reduction 
in classes III and IV (32%; Fig. 2L). In contrast, tumors of pPET�

patients showed the opposite distribution (43.5% of classes I + II 
and 56.5% of classes III + IV). 

We next examined the relationship between TA-HEV classes and 
immune cell infiltration (Fig. 2M–P). In pPET� patients, higher 
TA-HEV classes were associated with increased densities of both 
CD8 and CD4 (P < 0.05; Fig. 2M and N). In contrast, in pPET+ 

patients, T-cell densities remained stable across all vessel classes. 
CD66b+ or FOXP3+ cell infiltration did not vary significantly across 
TA-HEV classes or between patient groups (Fig. 2O and P). 
Nonetheless, TA-HEV density showed a weak but significant posi-
tive correlation with CD4+ cell density (Spearman’s rs ¼ 0.2467, 
P ¼ 0.0191), whereas no such correlation was found with CD66b, 
FOXP3, or CD8 cell densities. Collectively, these findings indicate 
that TA-HEVs exhibit distinct patterns in the tumor stroma of 
pPET+ vs pPET� patients, but their relationship with immune cell 
infiltration remains limited. 

Primary tumor profiles are not associated with relapse risk in 
univariate analyses 

PFS was evaluated using Cox regression for each parameter 
assessed on the primary tumor. All biological variables and clinical 
characteristics were included in the analysis (Supplementary Table 
S4). Univariate analyses of the primary tumor did not identify any 
variables as prognostic indicators of relapse when patients were 
stratified according to pPET status (Supplementary Table S4). 
Univariate followed by multivariate analyses were performed on all 
available primary tumor samples uniformly treated with CCRT + 
IGBT (n ¼ 87). The multivariate analysis revealed that tumor size 
was negatively correlated with PFS [P ¼ 0.0147; HR (95% CI), 1.071 
(1.014–1.132)], whereas elevated FOXP3+ cell density was protective 
[P ¼ 0.0267; HR (95% CI), 0.623 (0.410–0.947)]. Therefore, we 
decided to apply a similar methodology to PAoLNs� to assess their 
impact. The clinical and pathologic characteristics of the patients for 
these analyses are summarized in Supplementary Table S5. 

PAoLNs of pPET+ patients display a more dynamic immune 
response 

We next focused our study on nonmetastatic PAoLNs of pPET+ 

and pPET� patients with LACC (n ¼ 129; Supplementary Fig. S1). 
The number of germinal centers was higher in pPET+ patients 
compared with pPET� patients, suggesting a more dynamic im-
mune response in the former group (Fig. 3A). The density of CD4+ 

cells was comparable between the two patient groups. However, the 
CD4/CD8 ratio tended to be lower in PET+ samples, likely driven by 
a modest, though not statistically significant, increase in CD8+ cell 
density (P > 0.05, Fig. 3B–D). In contrast, FOXP3+ cells and pro-
liferating FOXP3+Ki67+ cells were significantly enriched in pPET+ 

patients (P < 0.01 and P < 0.05, respectively; Fig. 3E and F). To 
accurately assess neutrophil involvement (infiltration and activity), 
we immunostained CD66b+ cells and detected NETs through both 
H3Cit and MPO staining on serial sections (Fig. 3G and H). 
CD66b+ cell density was significantly enhanced in pPET+ patients 

(P < 0.05), accompanied by a trend toward increased NET forma-
tion (Fig. 3G and H). 

Finally, we evaluated HEVs, specialized vascular structures within 
LNs that facilitate lymphocyte trafficking. Under inflammatory or 
tumoral conditions, HEVs can become dilated (lumen >20μm), a 
change thought to impair immune cell recruitment (14). The pro-
portion of dilated HEVs did not differ significantly between the two 
patient groups (P ¼ 0.055; Fig. 3I). Notably, the frequency of dilated 
HEVs correlated negatively with CD8+ cell density (Spearman’s rs ¼

0.2319, P ¼ 0.0098) but showed no significant association with CD4+, 
CD66b+, or FOXP3+ cell densities (P > 0.05, Fig. 3J–M). In conclusion, 
nonmetastatic PAoLNs of pPET+ patients display features of in-
creased immune activity—including increased germinal center 
formation, FOXP3+ cell expansion, and neutrophil infiltration— 
while preserving HEV architecture that likely supports sustained 
lymphocyte recruitment. 

Multi- and univariate analyses in the PAoLN 
PFS was evaluated in relation to clinical parameters (pPET, his-

tology, FIGO stage, age, tumor size) and PAoLN biological features 
(neutrophils, NETs, FOXP3+ cells, FOXP3+Ki67+ cells, germinal 
centers, CD4/CD8 ratio, dilated HEVs). The corresponding clinical 
and pathologic characteristics of patients are summarized in Sup-
plementary Table S5. For pPET� patients, univariate analyses 
identified NETs [P ¼ 0.015; HR (95% CI), 2.768 (1.215–6.304)] and 
CD4/CD8 ratio [P ¼ 0.047; HR (95% CI), 0.497 (0.250–0.989)] as 
prognostic markers (Table 1). In contrast, the relapse risk of pPET+ 

patients was found to be significantly associated with FOXP3+ 

[P ¼ 0.04; HR (95% CI), 1.918 (1.029–3.575)] and FOXP3+Ki67+ 

[proliferating FOXP3+ cells; P ¼ 0.018; HR (95% CI), 1.668 (1.093– 
2.544)] cell densities, as well as CD4/CD8 ratio [P ¼ 0.0097; HR 
(95% CI), 0.506 (0.302–0.848); Table 1]. 

We then performed a multivariate analysis on the available 
samples from the global cohort independently of pPET status 
(n ¼ 123), selecting variables with P < 0.1 from the univariate 
analyses (Table 1). pPET positivity emerged as an independent 
predictive factor [P ¼ 0.0033; HR (95% CI), 3.299 (1.488–7.315)], 
being significantly associated with an increased risk of relapse. 
Conversely, a high number of germinal centers [P ¼ 0.0355; HR 
(95% CI), 0.273 (0.081–0.915)] and a high CD4/CD8 ratio 
[P ¼ 0.001; HR (95% CI), 0.490 (0.320–0.748)] were independently 
associated with better PFS. For the pPET+ subgroup, we explored 
the use of continuous PET parameters, including maximum stan-
dardized uptake value, metabolic tumor volume, and total lesion 
glycolysis. This approach did not improve model performance 
compared with the binary pPET+ versus pPET� classification 
(Supplementary Fig. S6). Internal validation of our model was 
performed using the bootstrap resampling method with 500 itera-
tions to assess model stability and correct for optimism. The ap-
parent model performance yielded a Harrell’s C-index of 0.7434. 
After bootstrap validation, the optimism-corrected mean (SE) 
C-index was 0.7536 (0.045), indicating a stable discriminating per-
formance with minimal overfitting. 

Integrated predictive model and clinical applicability 
Time-dependent AUC analysis (Fig. 4A) showed that the model 

displayed a good and stable discriminative ability over time. After 
an initial period of instability during the early follow-up, likely re-
lated to a limited number of events, the AUC rapidly increased and 
remained consistently around 0.75 to 0.80 throughout follow-up, 
indicating a robust capacity to discriminate patients according to 
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Immunohistochemical analyses of primary tumors. A, Computerized segmentation of the tumor regions. The tumor compartment corresponds to cytokeratin- 
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their risk of recurrence. To integrate clinical, imaging, and PAoLN 
immune features into a unified prognostic framework, we per-
formed multivariable regression analyses incorporating pPET status, 
the number of germinal centers, and the CD4/CD8 ratio, which 
were independently associated with PFS. Based on the final multi-
variable model, we constructed a nomogram for the global cohort 
(n ¼ 123) to enable individualized prediction of PFS probabilities at 
12, 24, and 36 months (Fig. 4B). 

DR is the predominant type of early therapeutic failure 
Recurrences occurring after treatment were categorized as LRR 

(in local tissues and pelvic LNs) or DR (in PAoLNs and extranodal 
organs outside the pelvis). Across the whole cohort, DR represents 
the predominant mode of therapeutic failure over time, with a CIF 
of 0.10 at 12 months, compared with LRR, which shows a CIF of 
0.05 (Fig. 4C). Accordingly, 1 year after initial staging and treat-
ment, 10% of patients experienced a distant relapse, and 5% relapsed 
in the pelvic region, whereas 85% remained recurrence-free. The 
predominance of DR over LRR was confirmed after dichotomiza-
tion according to pPET status. Among pPET+ patients, at 
12 months, 15% and 10% of patients experienced DR and LRR, 
respectively. In contrast, among pPET� patients, despite an overall 
reduction in the total number of recurrences, the 12-month CIF was 
8% for DR and 0% for LRR. Collectively, these time-to-failure 
patterns suggest that DR occurs more frequently and earlier than 
LRR, which may reflect effective local disease control and/or more 
aggressive phenotypes favorable to systemic dissemination. 

Distinct prognostic profiles predict relapse risk in pPET− and 
pPET+ patients 

We conducted a combinatorial Cox regression–based analysis to 
assess the existence of high-risk patient subgroups within both 
pPET� and pPET+ groups. Following median-based univariate an-
alyses, successive evaluations were performed to generate all pos-
sible combinations of two or three variables (Supplementary Tables 
S7 and S8). In pPET+ patients, univariate analysis revealed that a 
low CD4/CD8 ratio [P ¼ 0.0092; HR (95% CI), 3.811 (1.392– 
10.434)] or high FOXP3+Ki67+ cell density [P ¼ 0.0369; HR (95% 
CI), 2.743 (1.063–7.075)] was significantly associated with increased 
relapse risk (Supplementary Table S7A). When combining two 
variables, 10 significant associations emerged, with the most rele-
vant being the CD4/CD8 ratio and germinal centers [P ¼ 0.0017; 
HR (95% CI), 4.038 (1.691–9.640)], the CD4/CD8 ratio and tumor 
size [P ¼ 0.0056; HR (95% CI), 3.402 (1.1431–8.088)], and the CD4/ 
CD8 ratio and FOXP3+ cell density [P ¼ 0.006; HR (95% CI), 3.394 
(1.420–8.113); Supplementary Table S7B]. Strikingly, the addition of 
a third variable (CD4/CD8 ratio, FOXP3+ cells, and germinal cen-
ters) identified a subgroup of patients with uniformly poorer out-
comes, as all patients relapsed [P ¼ 0.0001; HR (95% CI), 6.63 
(2.613–16.817); Fig. 5A; Supplementary Table S7C]. The Kaplan– 
Meier plot combining these three parameters clearly demonstrates a 
strong association among a low CD4/CD8 ratio, a reduced number 

of germinal centers, and high FOXP3+ cell density with poor patient 
outcomes (Fig. 5B). 

In the pPET� group, univariate analysis identified NETs 
[P ¼ 0.0282; HR (95% CI), 5.576 (1.202–25.875)] and the number of 
germinal centers [P ¼ 0.0472; HR (95% CI), 4.721 (1.020–21.861)] 
as significantly associated with relapse risk (Supplementary Table 
S8A). Combination analyses revealed that NETs and germinal 
centers [P ¼ 0.0009; HR (95% CI), 9.537 (2.510–36.235)], as well as 
NETs and FIGO IIA1 to IIIB [P ¼ 0.0052; HR (95% CI), 8.943 
(1.923–41.591)], were the most relevant (Supplementary Table S8B). 
The most predictive model was the combination of NETs, germinal 
centers, and FIGO IIA1-IIIB, which conferred the highest relapse 
risk [P ¼ 0.0003; HR (95% CI), 12.068 (3.159–46.108); Supple-
mentary Table S8C]. The most relevant single, dual, and triple 
variable associations for pPET� patients are illustrated in Fig. 5D. 
Kaplan–Meier plot combining three potent parameters demon-
strates a strong association between a high NET density, a reduced 
number of germinal centers, and FIGO IIA1 to IIIB status with poor 
patient outcomes (Fig. 5E). 

The specificity, sensitivity, and accuracy of each signature are 
presented in Fig. 5C and F; Supplementary Figs. S7 and S8. The 
signature related to pPET+ patients demonstrated a perfect positive 
predictive value (PPV ¼ 1.0) and specificity (1.0), reflecting an 
excellent capacity to correctly identify patients who relapsed without 
any false positives. Its sensitivity (0.38) and the NPV were moderate 
(0.73), indicating that some cases of relapse were not detected 
(Fig. 5C). The second signature for pPET� patients was more 
sensitive (0.73) with a lower PPV value (0.53; Fig. 5F). 

Together, our combinatorial analyses revealed distinct predictive 
signatures in pPET� and pPET+ patients with LACC. 

Discussion 
Despite significant progress in the management of LACC over the 

past 2 decades, approximately 30% of patients still experience dis-
ease recurrence (15). Among known prognostic factors, nodal status 
plays a central role in treatment planning. In particular, the detec-
tion of PAoLN involvement remains critical, as it can lead to disease 
upstaging and prompt a change in the therapeutic strategy, which 
can include the use of extended-field radiotherapy (7). We hy-
pothesized that even in the absence of detectable metastatic cells 
and/or in the case of PET scan negativity at the PAo level, PAoLNs 
may contain valuable predictive information. A key originality of 
the present study lies in the in-depth histologic and IHC analysis of 
whole-scanned sections of PAoLNs, which are typically disregarded 
once classified as metastasis-free. Our study demonstrates the added 
value of integrating pPET scan status and PAoLN histologic ana-
lyses at diagnosis to predict the risk of relapse. 

We conducted a retrospective cohort study of patients with 
LACC, focusing on those with histopathologically negative PAoLN 
(n ¼ 137). Previous studies have demonstrated an increased risk of 
PAoLN disease when PET identifies positive pelvic nodes (16, 17). 

(Continued.) immune cell infiltration expressed as cell density in pPET� (n ¼ 46) and pPET+ (n ¼ 45) patient subgroups: CD4/CD8 ratio (D), CD4 density (E), CD8 density 
(F), FOXP3+ cells (G), and CD66b+ cells (H). Data are represented by the median with IQRs. Mann–Whitney U tests; *, P < 0.05; ns, not significant. I–P, Relationship between 
TA-HEVs and T-cell infiltration in primary tumors. I, Representative image showing PNAd+ αSMA+ vessels (TA-HEVs) within the tumor stroma, as identified in A. J, Tumor 
samples from 91 patients were separated into four classes based on PNAd+ αSMA+ vessel density in tumor stroma: I (0/mm2), II (0–1.173/mm2), III (1.173–4.362/mm2), and 
IV (4.362–22.644/mm2). K, Density of TA-HEVs in pPET� and pPET+ patients. L, Distribution (%) of TA-HEV classes in pPET� and pPET+ subgroups. M–P. Spearman 
correlations between TA-HEVs and immune cell infiltration represented by either TA-HEV classes (histograms, top) or TA-HEV number (scatter plots, bottom): CD8+ cells 
(M), CD4+ cells (N), CD66b+ cells (O), and FOXP3+ cells (P). Correlation coefficients (rs) and P values are indicated. Data are shown as median with IQRs. Mann–Whitney U 
or Kruskal–Wallis tests; *, P < 0.05; ns, not significant. 
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Consistently, in our cohort, pelvic LN positivity assessed by imaging 
was associated with a twofold increase in the risk of relapse. Based 
on this finding, we conducted a comparative analysis of PAoLN 
samples from patients with pPET positivity versus pPET negativity. 

We provide evidence that PAoLNs of patients with pPET positivity 
displayed enrichment in germinal centers, increased densities of 
total and proliferating FOXP3+ cells, and a reduced CD4/CD8 ratio. 
These data suggest a more dynamic and actively regulated immune 
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Figure 3. 
Impact of pPET scan status on PAoLN remodeling. A–I, Densities of immune and vascular parameters assessed by IHC (as described in Figure 3) were compared 
between pPET� (n ¼ 67) and pPET+ (n ¼ 62) patient subgroups: germinal centers (number/mm2; A), CD4/CD8 ratio (B), CD4+ cell density (C), CD8+ cell density 
(D), FOXP3+ cells/mm2 (E), FOXP3+Ki67+ cells/mm2 (F), CD66b+ cells/mm2 (G), NET density (H), and percentage of dilated HEVs (I). Dilated HEVs were defined 
as PNAd+ vessels with a lumen >20 μm, measured as the smallest diameter (as illustrated on the right). J–M, Spearman correlations between HEV dilatation and 
CD4+ (J), CD8+ (K), CD66b+ (L), and FOXP3+ (M) cell density. Correlation coefficients (rs) and P values are indicated. Data are represented as medians with IQRs. 
Mann–Whitney U tests; *, P < 0.05; **, P < 0.01; ns, not significant. 
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microenvironment. In parallel, neutrophil density was elevated in 
these samples of pPET+ patients, as demonstrated by CD66b+ 

immunodetection. This finding indicates increased innate immune 
cell infiltration, a phenomenon that remains poorly characterized 
both in LNs and in LACC (18). Evidence of NET formation, a 
hallmark of neutrophil activity, showed a positive trend, although it 
did not reach statistical significance. This apparent discrepancy 
between neutrophil density and activity might be attributed to 
technical limitations, as reliable detection of NETs in LN tissue 
sections remains particularly challenging. To further explore LN 
remodeling, we investigated HEVs’ architecture, specialized vascular 
structures in secondary lymphoid organs, composed of PNAd- 
expressing cuboidal endothelial cells (19, 20). PNAd acts as a ligand 
for L-selectin/CD62L on lymphocytes, thereby mediating their ad-
hesion to HEVs and subsequent entry into the LN. HEV dilation is a 
recognized alteration of LN architecture, occurring in both in-
flammatory and tumoral contexts (21). Bekkhus and colleagues (22) 
reported HEV dilation in tumor-draining LNs of patients with 

invasive breast carcinoma. However, no major alterations in HEV 
architecture were observed in our cohort. Interestingly, CD8 density 
tended to increase in pPET+ patients and showed a negative cor-
relation with HEV dilatation. This suggests that the preservation of 
structurally intact (less dilated) HEVs in these patients may support 
efficient CD8+ T-cell recruitment into PAoLN, thereby sustaining 
local immune activity. In contrast, the enrichment of proliferating 
FOXP3+ cells in pPET+ patients was not linked to HEV dilation, 
suggesting that their local expansion is likely driven by in situ 
modulation rather than altered trafficking via HEVs. These findings 
support the notion that pPET positivity reflects not only tumor 
burden but also an immunologically primed microenvironment in 
PAoLN, which may have implications for disease progression and 
therapeutic responsiveness. 

Together, our data reveal alterations in both adaptive (T cells) 
and innate (neutrophils) immune cell profiles within PAoLNs, even 
in the absence of detectable metastatic cells. These changes were 
accompanied by the activation of the humoral immune response, 

Table 1. Risk factors for disease relapse identified by uni- and multivariate analyses. 

PAoLN− pPET− (n = 66) PAoLN− pPET+ (n = 57) 

Variable P value HR (95% CI) pH test Variable P value HR (95% CI) pH test 

Non-SCC vs. SCC 0.68 1.313 (0.355–4.850) 0.6398 Non-SCC vs. SCC 0.09 2.336 (0.853–6.395) 0.9979 
FIGO IIA1–IIIB vs. IB3 0.54 1.608 (0.352–7.342) 0.6888 
Age 0.26 0.973 (0.927–1.021) 0.4048 Age 0.53 0.986 (0.943–1.031) 0.8669 
Tumor size 0.46 1.018 (0.972–1.065) 0.3215 Tumor size 0.53 1.010 (0.978–1.044) 0.1981 
Neutrophils/mm2 0.29 1.313 (0.793–2.173) 0.1777 Neutrophils/mm2 0.43 1.222 (0.742–2.011) 0.0949 
NETs/mm2† 0.015† 2.768 (1.215–6.304) 0.9733 NETs/mm2 0.90 1.064 (0.401–2.825) 0.4163 
FOXP3+/mm2 0.78 1.138 (0.459–2.821) 0.1303 FOXP3+/mm2† 0.040† 1.918 (1.029–3.575) 0.1512 
FOXP3+Ki67+/mm2 0.76 1.119 (0.548–2.286) 0.2341 FOXP3+Ki67+/mm2† 0.018† 1.668 (1.093–2.544) 0.0586 
Germinal center/mm2 0.089 0.102 (0.007–1.413) 0.2095 Germinal center/mm2 0.17 0.395 (0.106–1.472) 0.4830 
CD4/CD8 ratio† 0.047† 0.497 (0.250–0.989) 0.7125 CD4/CD8 ratio† 0.0097† 0.506 (0.302–0.848) 0.0455† 

CD4/CD8 ratio (corrected) 0.49 0.759 (0.347–1.656) 
CD4/CD8 ratio � time 0.20 0.967 (0.917–1.019) 

Dilated HEV 0.88 1.048 (0.560–1.959) 0.1466 Dilated HEV 0.60 0.855 (0.474–1.543) 0.2146 

PAoLN− (n = 123) 

Univariate Multivariate Bootstrap (500 resamples) 

Variable P value HR (95% CI) pH test P value HR (95% CI) C-index C-index (95% CI) 

pPET† 0.013† 2.452 (1.204–4.990) 0.16 0.0033† 3.299 (1.488–7.315) 0.7434† 0.7536 (0.666–0.841) 
Non-SCC vs. SCC 0.2395 1.613 (0.727–3.576) 0.93 — 
FIGO IIA1–IIIB vs. IB3† 0.044† 1.632 (0.358–7.448) 0.96 — 
FIGO IIIC1–IVA vs. IB3† 3.620 (0.848–15.449) 0.53 — 
FIGO IIA1–IIIB vs. IIIC1–IVA† 0.451 (0.212–0.959) 0.19 — 
Age 0.22 0.980 (0.950–1.012) 0.53 — 
Tumor size 0.058 3.452 (0.961–12.399) 0.028† — 
Tumor size (corrected)† 0.0088† 17.02 (2.043–141.77) 
Tumor size � time† 0.0572† 1.003 (0.797–1.003) 
Neutrophils/mm2† 0.096† 1.327 (0.951–1.851) 0.52 — 
NETs/mm2† 0.071† 1.712 (0.955–3.071) 0.15 — 
FOXP3+/mm2† 0.015† 1.900 (1.132–3.191) 0.70 — 
FOXP3+Ki67+/mm2† 0.0032† 1.729 (1.202–2.489) 0.81 — 
Germinal center/mm2† 0.097† 0.379 (0.120–1.193) 0.57 0.0355† 0.273 (0.081–0.915) 
CD4/CD8 ratio† 0.0004† 0.483 (0.323–0.720) 0.16 0.0010† 0.490 (0.320–0.748) 
Dilated HEV 0.47 0.857 (0.565–1.301) 0.58 — 

Variables that showed an association with relapse risk at a P value of <0.1 in univariable analysis were included in the multivariable model (variables included are 
marked with †). 
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evidenced by an increased number of germinal centers, sites where 
naive B lymphocytes differentiate into antibody-secreting memory B 
and plasma cells in response to T cell–dependent antigen. This 
observation is in line with our previous clinical study, which re-
ported remodeling of B- and T-cell immune landscapes in non-
metastatic pelvic sentinel LNs of patients with early-stage cervical 
cancer (23). Collectively, these findings point to substantial modi-
fications of LNs, occurring not only within the tumor-draining 
sentinel LN, as predicted by the “premetastatic niche concept” (24), 
but also within more distant LNs (25). 

In pPET+ patients, we identified a low CD4/CD8 ratio and a high 
FOXP3+Ki67+ cell density, either independently or in combination, 
as variables associated with an increased risk of relapse. Notably, the 
combined evaluation of the CD4/CD8 ratio, FOXP3+ cell density, 
and number of germinal centers delineated a homogenous subgroup 
of patients with a 100% risk of disease progression (8/8 patients 
relapsed, 14% of pPET+ patients). Although the small sample size 
limits definitive conclusions, this pattern suggests that the immune 

features of the PAoLN microenvironment may critically affect 
clinical outcomes. Importantly, the observed modulation of the LN 
immune microenvironment suggests a cascade-like immune re-
sponse extending from the pelvic to the PAo regions. These data 
further support the interest in immunotherapy, particularly in 
pPET+ patients, which is increasingly considered for LACC treat-
ment regardless of LN status (26–28). This is particularly relevant 
for cervical cancers, in which persistent HPV infection, detected in 
more than 90% of cases, is a well-established driver of immune 
evasion (29). Our study supports the rationale for integrating im-
munotherapeutic strategies into the management of pPET+ patients 
although the optimal immune checkpoint targets in this setting 
remain to be defined. 

A key finding of the present study is the discovery of previously 
unrecognized variables, namely NETs and the number of germinal 
centers, that can independently, or in combination, predict a high 
risk of relapse in pPET� patients. Notably, the combination of 
NETs, germinal center number and FIGO IIA1 to IIIB stages 
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Figure 4. 
Multivariate prognostic model integrating PET status and PAoLN features. A, Time-dependent AUC for PFS, with 95% CIs indicated by dashed lines. 
B, Nomogram for PFS prediction. Each covariate is assigned a weighted score proportional to its relative contribution to the model. The total score corresponds 
to an individualized estimated probability of remaining progression-free at 12, 24, and 36 months. C, CIFs for the overall cohort (n ¼ 123) and stratified by pPET+ 

and pPET� subgroups. 

OF10 Clin Cancer Res; 2026 CLINICAL CANCER RESEARCH 

Baudin et al. 
D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
a
a
c
r
j
o
u
r
n
a
l
s
.
o
r
g
/
c
l
i
n
c
a
n
c
e
r
r
e
s
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
8
/
1
0
7
8
-
0
4
3
2
.
C
C
R
-
2
5
-
3
8
9
4
/
3
7
6
5
5
4
9
/
c
c
r
-
2
5
-
3
8
9
4
.
p
d
f
 
b
y
 
U
n
i
v
e
r
s
i
t
e
 
d
e
 
L
i
e
g
e
 
u
s
e
r
 
o
n
 
1
5
 
A
p
r
i
l
 
2
0
2
6



demonstrated the strongest predictive value. These findings are 
highly relevant to clinical practice. Indeed, when a PET scan of the 
pelvic area is negative, the clinical utility of PAoLN staging is cur-
rently debated because the risk of PAo nodal involvement is very 
low, as documented by Uzan and colleagues (16). Of note, previous 
studies have concluded that in patients with negative pPET status, 
the risk of PAoLN metastasis is very low (30, 31). The clinical 
benefit of PAo lymphadenectomy is still debated and is currently 
being investigated in a phase III randomized clinical trial (PAROLA 
trial; ref. 32). Although laparoscopic PAo lymphadenectomy is a 
well-codified technique, particularly in the hands of an experienced 
surgical team (33), it carries a risk of lymphatic and vascular mor-
bidity and a potential delay in treatment initiation that must be 
weighed carefully. Our novel findings suggest that PAoLN status 
after lymphadenectomy remains of interest in patients with negative 
pelvic LNs on imaging. Given the technical challenges for NET 
detection, germinal center quantification seems to be a more prac-
tical and reproducible approach for routine clinical use. We propose 
that closer surveillance would be beneficial for these patients. As 
more than 75% of recurrences occur within the first 2 to 3 years 
after diagnosis, an intensified follow-up strategy during the high- 
risk window may be particularly valuable. Ultimately, follow-up 
schedules should be tailored to individual patients, taking into 
consideration prognostic factors, treatment modalities, and side 

effects. In this context, the development of a nomogram derived 
from the multivariate model represents a clinically meaningful step 
toward individualized risk stratification. Internal validation was 
provided using bootstrap resampling with 500 iterations. The 
temporal stability and robustness of the model are supported by 
time-dependent AUC values, achieving approximately 0.8 across 
follow-up. Collectively, these findings highlight the potential clinical 
utility of this approach to inform risk-adapted surveillance strategies 
in routine practice. A limitation of this LN study is its single- 
centered retrospective nature, analyzing only one LN among all 
resected by laparoscopic lymphadenectomy. Further validation on a 
prospective cohort would be necessary in future research. 

Can we find similar information in the primary tumors and avoid 
PAo lymphadenectomy associated with postoperative complications 
(16)? In our cohort, a differential profile of CD8 T-cell infiltration was 
noted in the tumor stroma of patients according to pPET status. Ad-
ditionally, the density of TA-HEVs was distinguishable in tumors of 
pPET+ versus pPET� patients. However, TA-HEV density was not or 
very weakly correlated to immune infiltration. Notably, none of the 
parameters analyzed or combinations tested were predictive of tumor 
relapse, except for tumor size contributing to FIGO classification and 
FOXP3+ cell density, in which the prognostic value seems controversial 
(34–37). These findings limit the possibility of using primary tumor 
features as reliable indicators for relapse prediction and further support 
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Figure 5. 
Predictive combination of factors in pPET+ and pPET� patients. A and D, Schematic illustration of the strongest predictive associations of clinical and biological 
variables. The percentage and number of patients experiencing relapse are indicated. B and E, Kaplan–Meier curves depicting PFS according to the main 
predictive combination in pPET+ (B) and pPET� (E) patients. C and F, Diagnostic performance of the main predictive combination in pPET+ (C) and pPET� (F) 
patients with sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall accuracy. Log-rank test; ****, P < 0.0001. 
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the clinical relevance of examining a combination of practicable and 
reproducible parameters in PAoLNs. 

Together, our study demonstrates the interest of combining 
clinical and histologic variables to guide therapeutic decision- 
making, which is in line with the growing trend toward personalized 
medicine. These observations suggest that treatment strategies may 
need to be reconsidered or that closer surveillance should be 
implemented for patients identified as high risk. 
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project has received funding from the Fonds voor Wetenschappelijk Onderzoek – 
Vlaanderen (FWO) and F.R.S.-FNRS under the Excellence of Science programme 
(EOS No. 40007532). We thank the Groupe Interdisciplinaire de Génoprotéomique 
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