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Combining immunotherapy with chemoradiation is effective in locally
advanced cervical cancer. However, the impact of induction combination
immunotherapy on immune modulation and treatment response is poorly
understood. In this phase Il trial (NCT04256213), 40 females with locally
advanced cervical carcinoma received one cycle of nivolumab-plus-
ipilimumab immunotherapy before standard chemoradiation, followed by
maintenance nivolumab. We show, using multiplex-immunofluorescence tis-
sue imaging, a significantly increased CD8'/FOXP3" cell ratio (primary end-
point; increase of 0.87 cells/mm?, P=0.0164) and proliferative CD8" T-cell
density after one cycle of combination immunotherapy. HOT score (27-gene-
based signature identifying immunologically active tumors) also increased
significantly (exploratory analysis; 0.17, P < 0.0001). Objective response rates
(secondary endpoint) were 13% immediately after combination immunother-
apy, 98% (65% complete response) after chemoradiation, and 90% at treatment
completion. High HOT score at baseline and immune changes induced by
combination immunotherapy were associated with complete response at
treatment completion. Induction immunotherapy may prime tumors for
improved response to standard therapy.

Cisplatin-based chemoradiation is the standard of care for locally Established prognostic factors include International Federation of
advanced cervical cancer (LACC). However, up to 30% of patients with  Gynecology and Obstetrics (FIGO) stage, pathologic tumor type, nodal
high-risk LACC experience recurrence within 2 years, cure is rare, and  status, and lymphovascular space invasion'. Outcomes in patients with
improved treatment for LACC remains an area of unmet need. pelvic and para-aortic lymph node metastases are particularly poor.
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Cervical cancer
- Females aged 218 years

- LACC (FIGO 2018) stage IB3—IVA
- ECOG performance status of 0 or 1
- Multicenter single-arm pilot study

- Histologically confirmed cervical (adeno)squamous carcinoma
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Fig. 1| COLIBRI study design. Iconographies (cells, antibodies, blood tubes,
uterus) adapted from Servier Medical Art (https://smart.servier.com), licensed
under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/). Servier Medical
C cycle, D day, ECOG Eastern Cooperative Oncology Group, EOT end of treatment,
FIGO International Federation of Gynecology and Obstetrics, LACC locally
advanced cervical cancer, g4w every 4 weeks, RTCT chemoradiation (comprising

1
4 weeks post
RTCT

1
D1C4

Nivolumab 480 mg, q4w%

cisplatin 40 mg/m? or carboplatin AUC2 every week for 5 weeks, external beam
radiotherapy 45 Gy in 25 fractions at 1.8 Gy/fraction, 5 fractions per week, and
brachytherapy [high-dose rate: 27.5-30 Gy; low/pulsed-dose rate: 35-40 Gy]).
20ptional cervical tumor sample during surgery. "Mandatory blood sample and
optional biopsy at progression.

Neoadjuvant chemotherapy modulates the immune micro-
environment in LACC, promoting anti-cancer immunity by increasing
tumor-infiltrating effector lymphocytes (CD8" Teffs) at the expense of
regulatory T cells (forkhead box P3 [FOXP3]* Tregs)’. Indeed, a high
tumor CD8'/FOXP3" cell ratio, as assessed by immunohistochemistry,
was associated with better clinical outcomes after platinum-based
neoadjuvant chemotherapy in a retrospective study of patients
with LACC~

Immune checkpoint blockade (ICB) combined with chemother-
apy is the standard first-line treatment for recurrent, persistent, or
metastatic cervical cancer. Randomized phase Il trials have demon-
strated an overall survival (OS) benefit with the addition of either
pembrolizumab (KEYNOTE-826) or atezolizumab (BeatCC) to che-
motherapy (with or without bevacizumab)®~. In high-risk LACC, the
phase Il CALLA trial failed to demonstrate a significant progression-
free survival (PFS) benefit from durvalumab given in combination with
and following chemoradiotherapy®. However, pembrolizumab sig-
nificantly improved PFS and OS when combined with chemoradiation
for high-risk LACC in the ENGOT-cx11/GOG-3047/KEYNOTE-A18 trial’,
A better understanding of the impact of ICB on the tumor micro-
environment will help in refining immunotherapy approaches and
patient selection with the goal of improving clinical outcomes.

When immunotherapy is given before local therapy (surgery or
radiotherapy), the presence of the tumor in situ provides a source of
antigens that may favor potent reinvigoration of tumor-specific T cells
with ICB. In several cancer types, accumulating evidence indicates that
neoadjuvant immunotherapy may expand tumor-specific T-cell clones
and modify their transcriptional features’. This can lead to a more
robust anti-tumor immune response and a greater number of func-
tional effector T cells (Teffs) able to recirculate and ready to fight
cancer cells, even after local therapy'’. The neoadjuvant setting also
provides a unique opportunity to elucidate the impact of immu-
notherapy on the tumor immune microenvironment in LACC. In the
phase 1 GOG-9929 study, chemoradiation followed by two doses of
the cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) inhibitor
ipilimumab for node-positive human papillomavirus (HPV)-related
LACC was associated with activation of immune cells in blood, and a

Table 1| Baseline characteristics (n =40)

Characteristic Patients
Median (range) age, years 55 (31-77)
Median (range) weight, kg 61(40-90)
ECOG performance status, 0 26 (65)
No. (%)

1 14 (35)
2018 FIGO stage, No. (%) IB3 1(3)

11A2 1(3)

1IB 12 (30)

A 1(3)

e 10 (25)

nec2 10 (25)

IVA 5(13)
Median (range) primary tumor size, mm 50 (25-76)
Lymph nodes, No. (%) Normal 37(93)

Not assessed 2 (5)

Missing 1(3)
Lymphovascular space invasion, Yes 5(13)
No. (%)

No 16 (40)

Missing 19 (48)
HPV, No. (%) Yes 19 (48)

No 14 (35)

Missing 7(18)
Histologic grade, No. (%) 1 6 (15)

2 14 (35)

3 14 (35)

Missing 6 (15)
PD-L1 expression, No. (%) <1 3(8)

21 37(93)

ECOG Eastern Cooperative Oncology Group, FIGO International Federation of Gynecology and

Obstetrics, HPV human papillomavirus, PD-L1 programmed death-ligand 1.
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Fig. 2 | Dynamic changes in tumor immune parameters following ipilimumab
and nivolumab combination therapy. A Digital mIF images of tumor collected at
baseline vs before chemoradiation from a representative patient. The white arrows
indicate Ki67 and CD8 double-positive cells (i.e., proliferating CD8" Teffs). B Graphs
depicting densities (number of cells per mm?) of various immune populations
quantified from miF-stained tumors collected from 31 patients at BL versus BEF (i.e.,
after ipilimumab + nivolumab). Ratios between selected immune cell densities are
also shown. Each dot represents a tumor sample and lines depict paired BL versus
BEF samples. A two-sided Wilcoxon signed-rank test was used to determine
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statistical significance and unadjusted P-values are indicated. C The gene
expression-based HOT score was compared in paired BL versus BEF samples within
patients after immunotherapy using the statistics as for (B). D Sankey diagram
showing the transition of patients’ HOT status (HOT or COLD) from BL to BEF; the
width of each ribbon is proportional to the number of patients in the corre-
sponding transition. Source data are provided as a Source Data file. BEF before
chemoradiation, BL baseline, CK cytokeratin, mIF multiplex-immunofluorescence,
HTG high-throughput genomic, Teff effector T cells, Treg regulatory T cells.
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Fig. 3 | Summary of the dynamic changes in density or ratio of immune cell
populations induced by ipilimumab plus nivolumab. Graph depicting the
-logl0(P) values for all measured immune parameters between BL and BEF paired
tumor samples (n =31 patients). Blue bars represent parameters that decreased
after ICB and red bars represent parameters that increased after ICB. A two-sided
Wilcoxon signed-rank test was used to determine statistical significance, and
unadjusted P-values are indicated. Source data are provided as a Source Data file.
BEF before chemoradiation, BL baseline, ICB immune checkpoint blockade, Teff
effector T cells, Treg regulatory T cells.

significant expansion of central and effector memory T-cell
populations”. However, in this study, the impact of immunotherapy
alone before chemotherapy was not investigated.

High CTLA-4 transcript expression is common in cervical cancer
and correlates significantly with high PD-1 RNA levels®?. Co-
expression of PD-1 and CTLA-4 is associated with more severe dys-
function of tumor-specific CD8" T cells®. In in vivo models, dual PD-1
and CTLA-4 blockade reversed tumor-infiltrating lymphocyte dys-
function, increased proliferation of CD8" and CD4" Teffs, and
depleted Tregs in tumors®. In another study, high-dimensional sin-
gle-cell profiling demonstrated that dual PD-1 and CTLA-4 blockade
elicited distinct cellular responses, including expansion of activated
CDS8"* Teffs™. Finally, promising and durable clinical activity, coupled
with favorable tolerability, was seen in the largest trial to date
evaluating dual PD-1/CTLA-4 blockade in patients with recurrent
and/or metastatic cervical cancer®. In the window-of-opportunity
COLIBRI study, we explored the effect of ICB on the tumor immune
microenvironment, aiming to understand how dual PD-1/CTLA-4
blockade affects the T-cell immune infiltrate in cervical cancer and
how sequencing ICB before and after chemoradiotherapy affects the
immune response and anti-tumor efficacy (Fig. 1).

Results

Patient population and treatment exposure

Forty female patients were enrolled from sites in France with gyne-
cologic oncology expertise between June 28, 2020, and August 4, 2021.
Baseline characteristics are shown in Table 1. The median duration
of follow-up was 95 (95% confidence interval [CI] 73-114) weeks.
Tumor samples were collected before immune treatment and before
chemoradiation from 39 patients (98%) (Supplementary Fig. 1).
Thirteen patients (33%) refused biopsy after chemoradiotherapy
because of procedure-associated pain.

All 40 patients received neoadjuvant nivolumab and ipilimumab.
Only one patient (3%) required dose modification (temporary nivolu-
mab interruption because of treatment-related pruritic rash). During
chemoradiotherapy, 39 patients (98%) received cisplatin and three
(8%) received carboplatin (Supplementary Table 1). Chemotherapy was
interrupted for toxicity in six patients (15%). External beam radio-
therapy was delivered per protocol in all 40 patients (median duration
36 days, range 32-71 days) and brachytherapy was delivered in 36
patients (90%) (Supplementary Table 1). All but one patient (39; 98%)
received all radiotherapy within <55 days and started maintenance
nivolumab. In the maintenance phase, 34 patients (85%) completed all
six cycles of nivolumab. Reasons for discontinuing maintenance ther-
apy before cycle 6 were disease progression (PD; two patients) and
adverse events (AEs), AE/non-compliant concomitant medication, and
patient decision (each in one patient). Four patients (10%) underwent
optional surgery before starting maintenance therapy.

Biomarker analysis

At baseline (before ICB), multiplex-immunofluorescence (mlF) and high-
throughput genomic (HTG) sequencing were each evaluable in 39
patients. After ICB (before chemoradiation), mIF and HTG were evalu-
able in 32 and 37 patients, respectively. Among patients evaluable for the
primary study endpoint, paired samples (pre- and post-ICB before che-
moradiation) were available for mIF and HTG analysis from 31 and 37
patients, respectively (Supplementary Fig. 1). Figure 2A shows repre-
sentative images of mlIF staining at baseline and after ICB, revealing an
increase in total and proliferating CD8" T cells. Quantitative digital image
analysis revealed significantly increased CD4* (P=0.0091) and CD8"
(P=0.0132) Teffs post-ICB (before chemoradiation) and more variable
effects on Tregs (CD3'FOXP3") (P=0.0903) and B cells (CD20", P>0.5),
resulting in higher ratios of CD8'/FOXP3" (P=0.0164), but not CD4"/
FOXP3" (P> 0.5) cells (Fig. 2B).

In most patients, ICB drastically increased proliferative (Ki67")
CD4" and CD8' T cells (both P<0.0001) and the ratio of proliferative
CDS8' Teffs to Tregs (P<0.0001). Dynamic changes in all evaluable
immune parameters between paired pre- and post-ICB samples are
shown in Fig. 3.

In exploratory analyses, the HTG HOT score (a 27-gene-based
signature identifying immunologically active tumors) increased sig-
nificantly (P<0.0001) after dual ICB (Fig. 2C). At baseline, only 10
(26%) of 39 evaluable samples were classified as HOT compared with
22 (56%) after ICB (Fig. 2D).

Subgroup analyses are limited by small patient numbers, but the
baseline CD8' Teff/Treg ratio appeared to be higher in patients with
FIGO stage IlI/IV than stage I/l disease and this appears to be largely
driven by lower Treg levels (Fig. 4). There were no differences in other
immune parameters at baseline, including HOT score, according to
FIGO stage.

Clinical response and correlation with biomarkers
By the data extraction date (February 11, 2023), six patients (15%) had
experienced PD (of whom four [10%] had died).

The global objective response rate was 13% (95% CI 4-27%, with a
further 83% of patients experiencing stable disease) after ICB within
1 week before chemoradiation. The objective response rate was 98%
(95% C187-100%; complete response [CR] in 65%, partial response [PR]
in 33%) 4 weeks after chemoradiation, and 90% (95% CI 76-97%; CR in
78%, PR in 13%) at the end-of-treatment visit (Table 2). Both patients
with PD before chemoradiation had a PR after chemoradiation, with no
evidence of PD during follow-up until the data cutoff.

Heatmaps showed that several immune parameters measured at
baseline or before chemoradiation significantly differed between
patients classified according to their response to treatment, assessed
either before chemoradiation or at the end of treatment (Fig. 5A, B and
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Fig. 4 | Association between pre-treatment immune parameters and

FIGO stage. The 39 patients with mIF data at baseline were classified according to
FIGO stage into FIGO I/ll (n=21) and FIGO III/IV (n=18). A Graph depicting the P-
values of selected tumor immune parameters between the two groups at baseline

(Mann-Whitney U tests). B Boxplots of selected immune cell parameters. Source
data are provided as a Source Data file. FIGO International Federation of Gyne-
cology and Obstetrics, mIF multiplex-immunofluorescence, Teff T effector cells,
Treg regulatory T cells.

Supplementary Fig. 2a, b). Although few patients showed a PR before
chemoradiation, most of them displayed high lymphocyte infiltration
at baseline (Fig. 5A). Indeed, compared with non-PR patients, this
group showed a tendency for higher baseline infiltration by CD8*
T cells and displayed significantly higher ratios of total CD8" Teff/
FOXP3" Treg (P=0.0011), proliferating CD8" Teff/FOXP3" Treg
(P=0.0001), and proliferating CD4" Teff/FOXP3" Treg (P=0.0087)
(Fig. 5C and Supplementary Fig. 2c). When considering the response at
the end of maintenance therapy, only two baseline parameters were
associated with CR: CD4" density and, to a lesser (non-significant)
extent, CD8" Teffs (Fig. 5C and Supplementary Fig. 2b). In contrast,
total and proliferating CD8" T cells, proliferating CD4" T cells and
CD20" B cells, and the ratio of proliferative CD8" Teff/FOXP3" Tregs
before chemoradiation (i.e., after dual ICB) correlated significantly
with CR at the end of maintenance therapy (Fig. 5C and Supplementary
Fig. 2c). A similar (non-significant) tendency was seen for the CD8"
Teff/FOXP3" Treg ratio (Fig. 5C). In contrast, none of the four patients

with PD during treatment showed any significant change in CD8" Teffs
infiltrate or CD8" Teff/FOXP3* Treg ratio, nor did we observe changes
in their HOT/COLD status after dual ICB (Supplementary Fig. 2b).
Similar comparisons according to the HOT score showed a significant
relationship between elevated HOT score at baseline and CR at the end
of maintenance treatment (Fig. 5D). Graphs depicting the P-values for
all measured immune parameters obtained by univariate analysis are
shown in Fig. 6. Tertiary lymphoid structures with segregated T- and
B-cell zones were detected in very few patients (5/39 at baseline and
3/32 after ICB, Supplementary Fig. 3), preventing evaluation of their
relationship with clinical response. To explore further the relationship
between treatment-induced immune changes and clinical response,
we constructed a multivariate longitudinal linear model adjusted on
the immune values measured at baseline to control for baseline dif-
ferences between patients. This analysis revealed that CR at the end of
maintenance treatment correlated with high densities of total and
proliferating CD8" Teff and, to a lesser extent, proliferating CD4" Teff
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Table 2 | Summary of response (n=40)

Response No. (%) [95% CI]
Within 1 week before chemoradiation 4 weeks after chemoradiation End of treatment
Global
Complete response 0 26 (65) [48-79] 31(78) [62-89]
Stage I/Il 0 10/14 (71) [42-92] 1/14 (79) [49-95]
Stage lll/IV (0] 16/26 (62) [41-80] 20/26 (77) [56-91]
Partial response 5 (13) [4-27] 13 (33) [19-49] 5 (13) [4-27]
Stage I/II 114 (7) [0-34] 4/14 (29) [8-58] 3/14 (21) [5-51]
Stage lll/IV 4/26 (15) [4-35] 9/26 (35) [17-56] 2/26 (8) [1-25]
Stable disease 33 (83) [67-93] 1(3) [0-13] 0
Stage I/Il 1/14 (79) [49-95] 0] (0]
Stage lll/IV 22/26 (85) [65-96] 1/26 (4) [0-20] (0]
Disease progression 2 (5) [1-17] (o] 4(10) [3-24]
Stage I/Il 2/14 (14) [2-43] 0 6]
Stage lll/IV (0] o] 4/26 (15) [4-35]
Local
Complete response 0 27 (68) [51-81] 34 (85) [70-94]
Partial response 6 (15) [6-30] 12 (30) [17-47] 3(8) [2-20]
Stable disease 32 (80) [64-91] 1(3) [0-13] 1(2) [0-13]
Disease progression 2 (5) [1-17] 0 2 (5) [1-17]

(Table 3). CR at the end of maintenance treatment also correlated
with high proliferative CD8" Teff/Treg ratios measured before
chemoradiation (i.e., immediately after neoadjuvant ICB). The rela-
tionship between PR before chemoradiation and high proliferating
CD8" Teff density and CD8" Teff/Treg ratio bordered on statistical
significance.

Safety

Grade >2 AEs were reported in 14 (35%) patients during ICB, 33 (83%)
during chemoradiation, and 17 (44%) during maintenance nivolumab
(Table 4 and Supplementary Table 2). Grade >3 AEs were considered
possibly related to ICB in one patient (3%) during induction ICB (grade 3
asthenia) and three patients (8%) during chemoradiation (grade 3 lym-
phopenia in two patients, grade 3 asthenia in one patient), and possibly
related to nivolumab in five (13%) patients during maintenance therapy.
There were no treatment-related deaths. The most common any-grade
AEs were asthenia (28%; grade 1/2 in 25%) and pruritus (20%; all grade 1/2)
during induction therapy; diarrhea (58%), nausea (53%), anemia (48%),
asthenia (38%), and hypothyroidism (23%) during chemoradiation; and
asthenia (26%; 23% grade 1/2) during maintenance nivolumab.

In exploratory analyses, we observed that, compared with
patients who experienced grade <1 immune-related AEs, patients with
grade 2/3 immune-related AEs showed significantly lower CD8" Teff/
Treg ratio in their tumor at baseline but quite similar individual den-
sities of CD8" Teff or total Treg cells (Supplementary Fig. 4). Further-
more, a statistically significant increase in Tregs (total and
proliferating) and proliferating B cells, and a decrease in proliferating
CD4" Teff/Treg ratio, was observed in samples collected after ICB
before chemoradiation from patients with grade 2/3 immune-related
AEs compared with patients who had only grade 1 or no immune-
related AEs (Supplementary Fig. 4).

Discussion

The COLIBRI trial in LACC demonstrates the feasibility and tolerability
of dual nivolumab plus ipilimumab ICB before chemoradiation
followed by up to 6 months of maintenance nivolumab after
chemoradiation. At treatment completion, responses were ongoing in
36 (90%) patients, suggesting no detrimental effect from sequencing
ICB before chemoradiotherapy.

Analysis of immune parameters using mIF imaging and gene
expression profiling (HTG sequencing) demonstrated a significant
remodeling of the tumor microenvironment following ICB, including
increased tumor infiltration by CD8' cells, resulting in elevated CD8'/
FOXP3" cell ratios, and increased HOT gene expression score. Inter-
estingly, a PR was observed after a single ICB dose in five patients, and
was significantly associated with high baseline CD8" Teff/Treg ratios,
suggesting that early clinical benefit from dual ICB is linked to a pre-
existing immune-active tumor microenvironment. The only baseline
parameter significantly correlating with response after treatment
completion was tumor infiltration by CD4" T cells.

In a study in cervical cancer, neoadjuvant paclitaxel and cis-
platin did not significantly modify tumor infiltration by CD8" T cells®.
However, in COLIBRI, a single cycle of ipilimumab and nivolumab
triggered CD4" and CD8" T lymphocyte proliferation and sig-
nificantly increased CD8" T cells at the expense of Tregs in most
patients. Recent reports have described complex immune changes
within the tumor microenvironment during neoadjuvant ICB (nivo-
lumab/ipilimumab) with concurrent radiotherapy in other cancers,
including advanced head and neck squamous cell carcinomas and
non-small-cell lung cancer, and resectable melanoma'®®. In the
single-arm phase Il CLAP study, 45 patients with chemotherapy pre-
treated advanced/metastatic cervical cancer (two-thirds squamous
cell carcinoma, one-third adenocarcinoma) were treated with the
anti-PD-1 antibody camrelizumab and the VEGFR-2 inhibitor
apatinib”. Higher densities of CD8" T cells in the tumor-invasive
margin before treatment were associated with prolonged PFS (but
not OS) in patients receiving combination therapy. However, in
COLIBRI, pre-treatment CD8 density was less clearly associated with
treatment response than in the CLAP trial.

Methodological limitations of the COLIBRI trial include the rela-
tively small sample size, potentially limiting the reliability and gen-
eralizability of the findings, and the lack of a control arm, preventing
assessment of the contribution of immunotherapy to treatment effi-
cacy and safety. We found no evidence of increased toxicity or
decreased acceptability compared with experience of chemoradiation
alone in the EMBRACE-1 study?’, but the single-arm design of COLIBRI
prevents robust assessment of tolerability. Finally, enrollment of
patients from a single country limits the generalizability of our results
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to countries with different clinical
environments.

The absence of ICB concurrently with chemoradiation may be
seen as a limitation of the design, particularly given the recent positive
results from the ENGOT-cx11/GOG-3047/KEYNOTE-AIS trial”®, in which
pembrolizumab was administered throughout chemoradiation and
continued as maintenance therapy. However, no PFS difference

practices and healthcare

between treatment arms was detected during the chemoradiation
phase of KEYNOTE-A18” and the design does not allow disentangle-
ment of the ICB contribution in combination with chemoradiation or in
the maintenance phase” . The lack of induction chemotherapy
before chemoradiation in COLIBRI may be criticized given recent
results from the INTERLACE trial (also with some limitations), which
demonstrated significantly improved PFS and OS in patients receiving
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Fig. 5| Associations between response and immune parameters. A, B Heatmaps
showing immune parameters (A) in baseline samples (before ICB) according to
response evaluated before chemoradiation: non-PR (n = 5) and PR (n =35) and (B) in
samples after ICB (before chemoradiation) according to response at treatment
completion: CR (n=31) and non-CR (n=9). Each column represents a patient and
each row an immune parameter; cell color denotes the Z-score. Within each
response group, patients were sorted left to right by decreasing CD8" Teff density.
Group differences for each immune parameter (A non-PR vs PR; B CR vs non-CR)
were assessed using the two-sided Mann-Whitney U test and non-adjusted P-values
are shown. C, D Graphs depicting the association between selected immune
parameters quantified by (C) mIF or (D) HTG HOT score from samples collected at
BL (upper graphs) or before RTCT (lower graphs) and response to treatment.

Patients were stratified by clinical response before RTCT (non-PR vs PR, left graphs)
or at EOT (non-CR vs CR, right graphs). Each dot represents a patient measured
once at the indicated timepoint (biological replicates only; no technical replicates).
Statistical differences between groups were tested using the two-sided
Mann-Whitney U test with no adjustment for multiple comparisons. No separate
control group was used as comparisons were performed between response-defined
groups within the same cohort. Source data are provided as a Source Data file. BEF
before chemoradiation, BL baseline, CR complete response, EOT end of treatment,
HTG high-throughput genomic, ICB immune checkpoint blockade, mIF multiplex-
immunofluorescence, PD disease progression, PR partial response, RTCT che-
moradiation, SD stable disease, Teff effector T cells, Treg regulatory T cells.

6 weeks of dose-dense paclitaxel and carboplatin induction che-
motherapy before chemoradiation for LACC*. It would be interesting
to explore whether observations from COLIBRI are replicated with
dual ICB added to dose-dense chemotherapy. Nevertheless, the CD8*/
FOXP3 ratio findings provide a robust foundation for further research
on ICB sequencing in this setting. Although the sample size for the
primary endpoint was smaller than planned because of technical
issues, data were missing at random and missingness was not directly
linked to patient characteristics. Consequently, there is likely to be
minimal impact on estimation of the parameters of interest and the
conclusions drawn.

Three additional recently reported trials evaluating immu-
notherapy and chemoradiation for cervical cancer deserve mention. In
the NRG GYO17 trial evaluating differential sequencing of atezolizu-
mab (before or during chemoradiation) for high-risk cervical cancer,
the likelihood of a complete pathologic response was increased in
patients with a more diverse pre-treatment T-cell receptor repertoire®.
However, most clonal expansion occurred in response to radiation
rather than atezolizumab, and most of the expanded clones were
absent in pre-treatment blood samples. In NRG GYO017, the authors
report on the tolerability of induction immunotherapy followed by
chemoradiation and concurrent immunotherapy in 36 evaluable
patients, of whom two experienced acute colitis and one thrombocy-
topenia. The single-arm NACI study demonstrated the feasibility and
activity of neoadjuvant chemotherapy with camrelizumab, followed by
radical surgery and/or chemoradiation depending on response to
induction therapy®. Finally, cohort B of the GOTIC-018 trial included
nivolumab before, during, and after chemoradiation for LACC but
enrolled only 15 patients” and, to date, no translational analyses have
been reported.

A strength of the COLIBRI study is that the tumor micro-
environment was evaluated both before and after dual ICB. The
observed association between treatment-induced modulation of the
immune microenvironment following ICB and clinical benefit provide
proof of concept for induction dual ICB. Total and proliferating CD8"
Teff, proliferating CD4" Teff, and Teff/Treg ratios measured after ICB
(but not at baseline) were positively associated with response at the
end of maintenance therapy. Insights from COLIBRI potentially pave
the way for further improvements in combination regimens. Addi-
tional strengths include the high quality of chemoradiation and the
integration of novel technologies (mlIF) into the primary objective.
Compared with conventional immunohistochemistry, multiplex
technology reduces the quantity of tissue required, enhances the
dimensionality of the analysis, and allows for evaluation of the cell-
cell ecosystem and its impact on patient outcomes. These findings
may also be relevant for new-generation ICB for cervical cancer,
including bispecific antibodies*”’.

Ongoing analyses are evaluating the neighborhood of CD8*
and FOXP3' immune cells and spatial localization of tumor-infiltrating
lymphocytes, dendritic cells, macrophages, and PD-L1 expression using
miIF and immunohistochemistry. Additional analyses include gene

expression profiles by RNA and whole-exome sequencing, and char-
acterization of the phenotype and activation status of immune cells and
anti-HPV T-cell responses using multiparametric flow cytometry and
ELISA. Finally, associations between outcomes and HPV molecular sta-
tus, integration sites, viral gene deletion, and HPV circulating tumor DNA
kinetics will be characterized. Future research is warranted in larger
cohorts of patients to improve the robustness and generalizability of
findings from this window-of-opportunity study. Efforts should be taken
to maximize the support provided to patients during biopsy to lessen
the risk of missing data. Future research will include evaluation of the
optimal duration of ICB as neoadjuvant chemotherapy, regimens com-
bining PD-1 inhibition with novel agents (e.g., LAG3 inhibitors or other
agents priming the immune response), the optimal duration of main-
tenance therapy in this setting, and the role of ICB for FIGO 2018 stage
IIB disease not included in the current indication for pembrolizumab.
Considerations for future trials potentially include exploration of ICB
given concurrently with chemoradiation.

In conclusion, results from COLIBRI, combined with ongoing
translational research, support further evaluation of neoadjuvant
sequencing strategies for high-risk patients with LACC. The randomized
phase Il COLIBRI-2 trial (NCT06715241) is exploring nivolumab with or
without the LAG3 inhibitor relatlimab as induction therapy before
standard chemoradiation for LACC.

Methods

Study design

The multicenter single-arm phase Il COLIBRI pilot study (GINECO-
CE108b; NCT04256213) evaluated the immune impact and safety of a
single cycle of nivolumab and ipilimumab combination therapy before
primary chemoradiation for cervical cancer. The study was performed
in accordance with ethical principles of the Declaration of Helsinki and
International Conference on Harmonization Good Clinical Practice and
applicable regulatory requirements. The final study protocol (available
as a supplementary file) and informed consent form, including bio-
marker sample consents and any other patient materials, were
approved by the national ethics committee (Comité de Protection des
Personnes Est I; CPP EST I).

Objectives

The primary objective was to evaluate changes in the CD8"/FOXP3*
T-cell ratio in biopsies collected before versus after nivolumab and
ipilimumab combination treatment before chemoradiation. The CD8"/
FOXP3" ratio was assessed by evaluating the composition of the
immune infiltrate using seven-color spatial mIF.

Key secondary objectives included assessment of dynamic chan-
ges in the immune microenvironment (including CD8’, FOXP3" Tregs,
CD4" T cells, and CD20" B cells) before and after chemoradiation using
mlF tissue imaging and HTG sequencing, clinical activity (including
objective response rate according to RECIST version 1.1; by MRI and
PET-CT if required) before and after chemoradiation (and at treatment
completion as an exploratory objective), potential correlations

Nature Communications | (2026)17:922


www.nature.com/naturecommunications

Article https://doi.org/10.1038/s41467-025-67646-z

A Baseline sample
Non-PR (n =34) vs PR (n = 5)
Non-PR Higher in PR

- 0.05 0.01 o

Response before RTCT

Total CD3* T cell density

Total Teff density

Ki67+ total Teff density

CD4* Teff density

Ki67*CD4* Teff density

CD8* Teff density

Ki67*CD8" Teff density

CD20* B cell density
Ki67*CD20* B cell density

Treg density

Ki67* Treg density

CD4* Teff/ Treg ratio
Ki67*CD4* Teff / Ki67* Treg ratio
Ki67*CD4* Teff / Treg ratio
CD8* Teff/ Treg ratio

Ki67*CD8* Teff / Ki67* Treg ratio
Ki67*CD8* Teff / Treg ratio
Ki67*CD8* Teff / total CD8* Teff ratio

Variables

i —
2 3 4
—log10 (P value)

O<I

Baseline sample Pre-RTCT sample

B Non-CR (n = 13) vs CR (n = 26) Non-CR (n = 12) vs CR (n = 20)
Response after RTCT Non-CR Higher in CR Response after RTCT Non-CR Higher in CR
h 0.05 0.01 g b 0.05 0.01 g
Total CD3* T cell density ] Total CD3* T cell density —
Total Teff density = Total Teff density ‘P=.0150 i
Ki67* total Teff density | H Ki67* total Teff density P=o0031
CD4* Teff density B CD4* Teff density L B
Ki67+*CD4* Teff density —/ Ki67*CD4"* Teff density P=.0092
CD8* Teff density ] CD8* Teff density P=0292
Ki67*CD8* Teff density | ] Ki67*CD8" Teff density P=0027
- CD20* B cell density | ] " CD20* B cell density I
2 Ki67*CD20* B cell density | ] 2 Ki67*CD20" B cell density ‘P=.0184
‘% Treg density | ] 'g Treg density | ]
> Ki67* Treg density | > Ki67* Treg density P=.0211
CD4* Teff/ Treg ratio | CD4* Teff/ Treg ratio ]
Ki67*CD4* Teff / Ki67* Treg ratio | Ki67*CD4* Teff / Ki67* Treg ratio [
Ki67*CD4* Teff / Treg ratio B Ki67*CD4* Teff / Treg ratio | ]
CD8* Teff / Treg ratio 1 CD8" Teff/ Treg ratio -
Ki67*CD8* Teff / Ki67* Treg ratio = Ki67*CD8" Teff/ Ki67* Treg ratio I
Ki67*CD8* Teff/ Treg ratio | ] Ki67*CD8* Teff / Treg ratio P =.0448"
Ki67*CD8* Teff/ total CD8" Teff ratio == Ki67*CD8" Teff/ total CD8" Teff ratio _
T — — v T ™ T T = T
1 0 1 2 3 4 1 0 1 2 3 4
—log10 (P value) —log10 (P value)
C Baseline sample Pre-RTCT sample
Non-CR (n =9) vs CR (n = 30) Non-CR (n =8) vs CR (n = 24)
Response at EOT Non-CR Higher in CR Response at EOT Non-CR Higherin CR
h 0.05 0.01 g h 0.05 0.01
Total CD3* T cell density ‘[ ] Total CD3* T cell density ‘P=o0076 ;
Total Teff density P=.0500; Total Teff density ‘P=.0048 | ‘
Ki67* total Teff density . Ki67* total Teff density P=oot4 ‘
CD4* Teff density P=0272 CD4* Teff density . ‘
Ki67+*CD4"* Teff density ] Ki67+CD4* Teff density P=o117 | ‘
CD8"* Teff density ] CD8* Teff density P=om17_ | ‘
Ki67*CD8"* Teff density | Ki67+*CD8" Teff density —
” CD20* B cell density | - CD20" B cell density ] }
s Ki67+*CD20" B cell density = 2 Ki67*CD20* B cell density _
'g Treg density ] '% Treg density I :
> Ki67* Treg density m > Ki67* Treg density [ ‘
CD4* Teff/ Treg ratio | — CD4* Teff/ Treg ratio ‘
Ki67*CD4* Teff/ Ki67* Treg ratio = Ki67*CD4* Teff/ Ki67* Treg ratio i
Ki67*CD4* Teff / Treg ratio [ ] Ki67*CD4" Teff / Treg ratio | ] ‘
CD8* Teff / Treg ratio == CD8"* Teff / Treg ratio - H ‘
Ki67+*CD8" Teff/ Ki67* Treg ratio n Ki67*CD8"* Teff/ Ki67* Treg ratio . ‘
Ki67*CD8" Teff / Treg ratio . Ki67*CD8" Teff / Treg ratio P=.0196 ‘
Ki67+*CD8* Teff / total CD8* Teff ratio ] Ki67*CD8"* Teff/ total CD8" Teff ratio ] ‘
T T T T —t T
1 0 1 2 3 4 1 0 1 2 3 4

—log10 (P value) —log10 (P value)

depicting -logl0(P-values) of the immune parameters between the two groups
(A non-PR vs PR; B non-CR vs CR; C non-CR vs CR) are shown. Sample sizes
are presented in each panel. Source data are provided as a Source Data file. BL
baseline, CR complete response, EOT end of treatment, PR partial response,
RTCT chemoradiation, Teff T effector cells, Treg regulatory T cells.

Fig. 6 | Summary of the association between immune parameters and ther-
apeutic response to trial treatment. Group differences for each immune para-
meter (A non-PR vs PR for response before RTCT; B non-CR vs CR for response after
RTCT; C non-CR vs CR for response at EOT) were evaluated using the two-sided
Mann-Whitney U test with no adjustment for multiple comparisons. Graphs
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Table 3 | Summary of multivariate analyses

Parameters Overall response Comparison Adjusted P-value
CD8'* Teff density 1 week before RTCT PR vs non-PR 0.99
EOT visit CR vs non-CR 0.0002
CD4" Teff density 1 week before RTCT PR vs non-PR 0.72
EOT visit CR vs non-CR 0.86
CD8" Teff/Treg ratio 1 week before RTCT PR vs non-PR 0.057
EOT visit CR vs non-CR 0.12
Ki67‘CD8" Teff density 1 week before RTCT PR vs non-PR 0.056
EOT visit CR vs non-CR 0.0009
Ki67°'CD4" Teff density 1 week before RTCT PR vs non-PR 0.14
EOT visit CR vs non-CR 0.012
Ki67°‘CD8" Teff/Treg ratio 1 week before RTCT PR vs non-PR 0.95
EOT visit CR vs non-CR 0.0009
HOT score 1 week before RTCT PR vs non-PR 0.943
EOT visit CR vs non-CR 0.9894

CR complete response, EOT end-of-treatment, PR partial response, RTCT chemoradiation, Teff effector T cells, Treg regulatory T cells.
Associations were evaluated using multivariable analyses. All tests were two-sided. Reported adjusted P-values were calculated using the Tukey-Kramer procedure; bold font denotes P-values < 0.1.

Table 4 | Summary of safety

AE, No. (%) z\leoadi)uvant ipilimumab/nivolumab Chemoradiation (n = 40) Maintenance nivolumab (n=39)
n=40
Any AE 33(83) 38 (95) 35 (90)
Any treatment-related AE 26 (65) 38 (95) 29 (74)
Nivolumab 25 (63) 18 (45) 20 (51)
Ipilimumab 25 (63) 17 (43) 5 (13)
Chemoradiation NA 37(93) 14 (36)
Any grade >2 AE 14 (35) 33 (83) 17 (44)
Any treatment-related grade >2 AE 7 (18) 30 (75) 14 (36)
Nivolumab/ipilimumab 7(18) 13 (33) 11(28)
Chemoradiation NA 27 (68) 7(18)
Any grade >3 AE 4 (10) 12 (30) 7(18)
Any treatment-related grade 3/4 AE 1(3) 11(28) 7(18)
Nivolumab 1(3) 3(8)° 5 (13)°
Ipilimumab 1(3) 3(8)° 1(3)°
Chemoradiation NA 10 (25) 4 (10)

AE adverse event, ALT alanine aminotransferase, NA not applicable.
?One case of grade 3 asthenia.

One case of grade 3 asthenia (considered related to nivolumab and ipilimumab) and two cases of grade 3 lymphopenia (considered related to nivolumab, ipilimumab, and chemoradiation).
°One case each of grade 3 musculoskeletal pain, grade 3 rash, grade 3 increased ALT, and grade 3 lymphopenia/grade 3 asthenia considered related to nivolumab, and one case of grade 3 radiation

proctitis considered related to nivolumab, ipilimumab, and chemoradiation.

between biologic changes in the tumor microenvironment and clinical
activity, and tolerability.

Patients

Eligible patients had histologically confirmed squamous cell cervical
carcinoma (FIGO 2018 stage IB3-IVA) for which standard-of-care
chemoradiation was required as initial therapy. Patients had to be
aged >18 years, with performance status O or 1, and adequate hemato-
logic, hepatic, and renal function. All patients provided written informed
consent before undergoing any study-specific procedure, and con-
sented to collection of blood samples, formalin-fixed paraffin-embed-
ded tumor tissue, and fresh tumor biopsies for correlative studies.
Patients were ineligible if they required neoadjuvant chemotherapy
before chemoradiation, had previously received an immune checkpoint
inhibitor, had any contraindication to nivolumab or ipilimumab, or had
known or suspected uncontrolled CNS metastases, active, known or
suspected autoimmune disease, or a history of chronic hepatitis.

Procedures

Patients were enrolled by investigators at participating centers
and received a single cycle of intravenous ipilimumab 1 mg/kg on day 1
with nivolumab 3mg/kg on days 1 and 15 before undergoing
chemoradiation for 5-8 weeks per standard practice, with bra-
chytherapy or external boost if brachytherapy was not feasible (Fig. 1).
After chemoradiation, patients received maintenance nivolumab
480 mg every 28 days for 6 months. If required, residual disease was
surgically resected 4-6 weeks after completing chemoradiation per
local standards.

All patients underwent pelvic and abdominal MRI and PET-CT
within 28 days before starting study treatment (with bone and CT
scans if clinically indicated), and MRI within 1 week before and 4 weeks
after chemoradiation. Tumor imaging was performed at the end of
treatment visit for exploratory analysis of response rate. Cervical
biopsies were mandatory before and after chemoradiation and
optional during follow-up. AEs, graded according to Common
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Terminology Criteria for Adverse Events version 4.03, were followed
for 100 days after the last nivolumab dose or until starting another
anti-cancer therapy. A data safety monitoring board reviewed each
event that could modify the benefit:risk ratio. Patients were followed
actively for approximately 12 months or until PD.

Clinical data were collected using the Clinsight v8.2.110 (Euraxi
Pharma) clinical data management system, CSOnline v8.2.110 web
interface (https://ecrf.euraxipharma.fr/CSOnline/), Oracle 11g back-
end database, and MedDRA v21.1 and WHODrug Format C March 2017
for medical coding.

Translational methods

Seven-color mIF methods were similar to previous studies®**" (Sup-
plementary Methods). Targeted gene expression profiling of 2549
genes was performed using HTG sequencing to evaluate the 27-gene-
based “HOT” score as a biomarker of immunologically active tumors.
The HOT score evaluated the following genes: CCLI9, CCR2, CCR4,
CCRS, CD27, CD40LG, CD8A, CXCL10, CXCL11, CXCL13, CXCL9, CXCR3,
CXCR6, FASLG, FGL2, GZMA, GZMH, IDO1, IFNG, IRF8, LAG3, LYZ, MS4A1,
PDCD1, TBX21, TLR7, and TLRS8. This signature has been validated as
a prognostic marker in patients receiving first- or second-line anti-PD-
(1 with or without chemotherapy for other tumor types” and is
computed using the Gene Set Variation Analysis to classify scores as
positive (HOT) or negative (COLD).

Statistical analysis

It was planned to enroll 40 patients. Assuming a standard deviation of
14 units, this would provide a 95% CI with a precision of 5 units around
the mean estimation of the CD8"/FOXP3" relative change of lympho-
cytes between pre- and post-treatment biopsies. Paired pre- and post-
treatment biopsies were compared using Wilcoxon matched-pairs
signed-rank tests. The association between mIF and HTG data with
tumoral response was assessed using Wilcoxon Mann-Whitney and
Fisher exact tests. For each immune parameter and for each objective
response timepoint (1 week before chemoradiation and end of treat-
ment), a multivariate longitudinal linear model was performed to
compare the immune responses between the overall tumoral respon-
ses (CR vs non-CR or PR vs non-PR). The models were adjusted on the
baseline immune response level to control for initial differences
between subjects. To consider repeated measurement by subject
over time (biopsies performed at baseline and at 1 week before
chemoradiation), the variance-covariance matrix used was compound-
symmetry. The variances heterogeneity between groups was con-
sidered in the models. Adjusted means were calculated for the inter-
action between time effect and immune response, adjusting for
baseline. Multiple comparisons were performed using Tukey-Kramer’s
adjustment to control for type I error. P-values < 0.05 were considered
to indicate statistical significance in all tests. All analyses were per-
formed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA),
R version 4.1.1, and GraphPad Prism 9.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The raw and processed HTG data and metadata generated in this study
have been deposited in the GEO database under accession code
GSE303300 (https://www.ncbi.nlm.nih.gov/geo/). For the remaining
data, currently, no mechanism is in place to allow sharing of individual
de-identified patient data. Requests to access the de-identified data for
further scientific use can be sent to ARCAGY-GINECO (Sébastien
Armanet, sarmanet@arcagy.org) and will be considered on a case-by-
case basis in a timely manner beginning 3 months and ending 5 years
after publication of this article, taking into consideration that some

translational research is still ongoing. The request must contain a
proposal with scientific and methodologically justified objectives. A
data transfer agreement will be established to provide a formal fra-
mework regarding the use of the data. Source data are provided with
this paper.
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