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Abstract: Background: Racotumomab-alum is an anti-idiotype vaccine targeting the NeuGcGM3
tumor-associated ganglioside. Clinical trials in advanced cancer patients have demonstrated low
toxicity, high immunogenicity and clinical benefit. The goal of this study was to identify circulating
biomarkers of clinical outcome. Methods: Eighteen patients with stage IIIb/IV non-small-cell lung
cancer (NSCLC) were injected with racotumomab-alum as switch maintenance therapy after first line
chemotherapy. Treatment was administered until severe performance status worsening or toxicity.
The frequencies of innate and adaptive lymphocytes were assessed by flow cytometry. Circulat ing
factors were measured using multi-analyte flow assay kits. Results: The median overall survival was
16.5 months. Twenty-seven percent of patients were classified as long-term survivors. Patients with
lower baseline frequencies of CD4+Tregs and central memory (CM) CD8+T cells displayed longer
survival rates. Furthermore, higher baseline frequencies of NKT cells and a high CD8+T/CD4+Treg
ratio were associated with longer survival. Interestingly, patients with significantly lower levels of
effector memory (EM) CD8+T cells survived longer. The levels of NKT cells and terminal effector
memory (EMRA) CD8+T cells were higher in long—term survivors in comparison with short-term
survivors at post-immune samples. As expected, the ratio CD8+T/CD4+Tregs showed significantly
higher values during treatment in patients with clinical benefits. Regarding serum factors, pro-
tumorigenic cytokines significantly increased during treatment in poor survivors. Conclusions: In
advanced NSCLC patients receiving racotumomab-alum vaccine, longer survival is associated with
a unique profile of circulating lymphocyte subsets at baseline and during treatment. Additionally,
certain protumor-related cytokines increased in short-term survivors. These results should be
confirmed in larger clinical trials. This clinical trial was registered in Cuban Clinical Trials Register
(RPCE00000279).
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1. Introduction
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Lung cancer remains the leading cause of cancer-related deaths worldwide. Non-small cell lung
cancer (NSCLC) is a subtype of the most frequently diagnosed cancer in the world. Its epidemiology
depends not only on tobacco exposure, but also on air quality [1]. According to epidemiological
studies, Cuba shows one of the highest incidence and mortality rates of lung cancer in both males
and females in the Latin American region [2].

The prognosis of lung cancer is challenging since most cases are diagnosed in the late stages
when surgery is no longer a viable option because of distant metastases [3]. Over the last years, crucial
improvements have been achieved in treatments for NSCLC, mainly due to the development of
targeted therapies and immunotherapy. This latter approach includes therapeutic vaccines, immune
modulators, autologous cellular therapies, and monoclonal antibodies (MAbs) directed against
checkpoint inhibitor signals associated with activated T-cells and/or cancer cells [4].

Therapeutic cancer vaccines aim to promote antigen-specific immune responses by presenting
tumor associated antigens (TAAs) to the patient’s immune system in the cancer environment. These
vaccines face multiple challenges such as the selection of appropriate antigen and adjuvant, as well
as the ability to overcome the immunosuppressive tumor environment [5].

One of the attractive targets used in cancer vaccines are the Neu-glycolyl (NeuGc)-containing
gangliosides, particularly the NeuGcGM3 antigen. The expression of these molecules is associated
with tumor malignancy, invasiveness and metastasis [6,7]. Low levels of NeuGc-containing
molecules have been detected in healthy human tissues due to dietary acquisition [8]. Notably,
detection of elevated NeuGc levels has been repeatedly found in tumor cells and serum samples from
cancer patients [9]. In addition to its exogenous incorporation in cancer cells, recent findings support
the hypothesis of de novo biosynthesis of these molecules in human cancer cells under certain
metabolic conditions [10].

Racotumomab-alum vaccine is an anti-idiotypic vaccine able to mimic the ganglioside
NeuGcGM3. It was developed at the Center of Molecular Immunology, in Havana, Cuba. In a
preclinical model of Lewis lung carcinoma, this vaccine showed a significant reduction of
spontaneous lung metastases that was associated with an increase in the number of T cells infiltrating
the metastases [11]. Different phase I clinical trials and compassionate use studies have demonstrated
low toxicity and encouraging clinical results [12,13]. A phase II/III randomized double-blind clinical
trial in advanced NSCLC patients showed a significant improvement in overall survival (OS) and
progression-free survival for racotumomab-alum versus placebo [14]. Based on these clinical results,
racotumomab-alum (commercial name: Vaxira) received final product registration in Cuba in 2021
for advanced NSCLC patients [15]. Recently, the use of this vaccine in routine clinical practice
prolonged the overall survival in patients with NSCLC treated in switch maintenance, and in stage
IV patients who received the treatment as second-line therapy [16]. Interestingly, an analysis of
survival data from randomized clinical trials revealed a bimodal distribution, indicating the existence
of two distinct patient populations following treatment with this vaccine. These populations were
classified according to the clinical benefit in short- and long— term survivors. The vaccine showed
greater benefits for the patients belonging to the subpopulation of long-term survivors (Median OS:
76.6 months) as compared to long-term survivors treated only with conventional chemo-
radiotherapy (Median OS: 33.8 months) [17].

The mechanism underlying the efficacy of this vaccine and the potential biomarkers of clinical
benefit are poorly understood. The present work was set up to determine, for the first time, whether
specific subsets of peripheral immune cells and circulating factors might be related with long-term
survival in advanced NSCLC treated with racotumomab-alum vaccine. Based on our findings, longer
survival is associated with the frequencies of regulatory CD4+T cells (Tregs), CD8+T lymphocytes
subsets and NKT cells in peripheral blood mononuclear cells (PBMC) at baseline and during
treatment. Certain protumor-related cytokines increased in short—term survivors.

2. Materials and Methods

2.1. Patients and Treatment
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This was a post-marketing exploratory study in histo- or cytological confirmed 18 heavily-
treated advanced NSCLC patients (RPCE00000279). The subjects were injected intradermally with
the NeuGcGM3 anti-idiotype vaccine (racotumomab-alum) consisting of 1mg aluminum hydroxide-
precipitated murine racotumomab MADb as switch maintenance therapy. The first five doses were
administered every 14 days, and the remaining 10 doses were administered every 28 days. After 15
doses, reimmunizations were administered at 28-days intervals if the patients maintained a favorable
clinical status (Figure 1).

The study was carried out in compliance with the Helsinki Declaration. The protocol was
approved by the ethics committee of “Hermanos Ameijeiras” University Hospital in Cuba. All
patients were required to sign a written informed consent before enrollment into the study.

Regarding clinical outcome, patients who lived 24 months or more after vaccination, were
classified as long-term survivors. All the rest were considered short-term survivors.
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Figure 1. Inmunization and sampling schedule of NSCLC patients treated with racotumomab-alum vaccine.

Created with BioRender.com.

2.2. Safety

All patients included in the study were evaluated for safety. The frequency, nature, causality,
and severity of adverse events were evaluated. Severity was graded according to the NCI Common
Toxicity Criteria for Adverse Events (version 4.0). Laboratory assessments were performed during
the vaccine administration period.

2.3. Collection of Peripheral Blood Mononuclear Cells and Sera

PBMC and sera were collected at baseline and after 3, 6, 8 and 11 months of treatment. Briefly,
from 20 ml of blood, the mononuclear fraction was isolated by Ficoll-Hypaque density gradient
separation, washed three times with phosphate buffered saline (PBS), and cryopreserved in 90% heat-
inactivated fetal calf serum (FCS, Gibco) and 10% DMSO in liquid nitrogen at a concentration of 1x107
cells/ml until assayed. Additional 5 ml of blood were used for serum isolation.

2.4. Flow Cytometry

Multi-color flow cytometry analysis was performed on thawed PBMCs from referred time
points. Each panel was optimized to ensure minimal spectral overlap among fluorochromes. Between
1 and 3 million viable PBMCs per patient were stained for each panel. Three healthy donor PBMCs,
isolated and cryopreserved according to the aforementioned procedures, were included per run to
ensure that inter-run variability remained below 10%. PBMCs were washed with PBS and incubated
with LIVE/DEAD Fixable Zombie green or Zombie NIR for 20 minutes at 4°C. PBMCs were washed
and stained with a cocktail of fluorescently labeled antibodies for 30 minutes at room temperature
(RT) in the dark. Subpopulations of af3 T cells, 5 T cells, NK, NKT and innate lymphoid cells (ILCs)
were analyzed. The following MAbs were used at predetermined optimal concentrations: FITC-
conjugated lineage anti-CD3 (clone: UCHT1), anti-CD4 (clone: RPA-T4), anti-CD8 (clone: RPA-TP),
anti-CD14 (clone: HCD14), anti-CD15 (clone: HI98), anti-CD16 (clone: 3G8), anti-CD19 (clone: HIB19),
anti-CD20 (clone: 2H7), anti-CD33 (clone: HIM3-4), anti-CD34 (clone: 561), anti-CD203c (clone:


https://doi.org/10.20944/preprints202502.1745.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 February 2025 d0i:10.20944/preprints202502.1745.v1

4 of 17

NP4D6), anti-FceRI (clone: AER-37), anti-TCR V&1 (lot: TA259706), anti-CD57 (clone: HCD57?) ;
PercP/Cy5.5-conjugated anti-NKp44 (clone: P44-8), anti-TCR V62 (clone: B6), anti-DNAM-1 (clone:
11A8); PE-conjugated anti-CD96 (clone: NK92.39), anti-CD127 (clone: A019D5), TCR-V a24-Jal8
(Clone: 6B11); PE/Dazzle594-conjugated anti-CD27 (clone: LG.7F9); PE/Cy7-conjugated anti-NKG2A
(clone: REA110), anti-CD39 (clone: Al); APC-conjugated anti-CD94 (lot: 8060524), anti-CD4 (clone:
RPA-T4); Alexa 700 -conjugated anti-CD28 (clone: 37.51), anti-CD45RA (clone: HI100), anti-CD137
(clone: 4B4-1); APC/Cy7-conjugated anti-HLA-DR (clone: 1.243), anti-CD19 (clone: H1B19), anti-CD4
(clone: RPA-T4); BV421-conjugated anti-CD127 (clone: A019D5), anti-CD8 (clone: RPA-T8), anti-PD-
1 (clone: EH12.2H7); BV510-conjugated anti-NKp46 (clone: 29A1.4), anti-CCR?7 (clone: G043H7), anti-
CD8 (clone: SK1); BV650-conjugated anti-CCR6 (clone: GO34E3), anti-PD-1 (clone: EH12.2H7), anti-
CD69 (clone: FN50); BV605-conjugated anti-c kit (clone: 104D2), anti-CD25 (clone: BC96), anti-CD4
(clone: OKT4); BV711-conjugated anti-CXCR3 (clone: G025H7), anti-ICOS (clone: 15F9), anti-CD16
(clone: 3G8); BV785-conjugated anti-NKG2D (clone: 1D11), anti-TCR y3 (clone: 11F2); BUV395-
conjugated anti-CRTH2 (clone: BM16), anti-CD3 (clone: UCHT1); BUV 737-conjugated anti-CD56
(clone: NCAM16.2) and anti-CD69 (clone: FN50). These antibodies were purchased from BioLegend,
eBiosciences or Miltenyi Biotec.

Cells were washed 3 times and analyzed on a LSRFortessa (BD Biosciences). Application settings
for each panel were used for all data acquisition. Dead cells, doublets, and debris were removed from
FCS files prior to analysis using Flow]Jo software (Tree Star Inc., Ashland, OR).

2.5. Multiplex Assays for Soluble Factors

The LEGENDplex™ Human Immune Checkpoint Panel 1 (12-plex) (BioLegend, 740867) and
LEGENDplex™ Human Cytokine Panel 2 (13-plex) (BioLegend, 740102) were used to quantify serum
cytokines and immune checkpoint-related proteins at baseline and during racotumomab-alum
treatment. Assays were performed according to the manufacturer’s instruction. Briefly, sera were
mixed with specific antibody-coated beads that promote formation of an analyte-antibody complex.
After washing, biotinylated detection antibodies were added to bind to the specific analyte adsorbed
to the capture beads, thus forming capture bead-analyte-detection antibody sandwiches. The
addition of streptavidin-phycoerythrin, which binds to the biotinylated detection antibodies,
provides fluorescent signal intensities that are proportional to the amount of bound analyte.
Fluorescent signals were measured by dual-laser flow cytometry (Attune NxT) and analyzed using
LEGENDPLEX data analysis software.

2.6. Statistical Analyses

The Shapiro-Wilk normality test was used to determine the normal distribution of variables.
Statistical differences in immune cell population frequencies and soluble factor concentrations
between the short- and long-term survivors at different time points were evaluated using the
nonparametric Mann-Whitney test. Overall survival was calculated as the period between the start
of vaccination and the date of death, or the last follow-up. Survival data were analyzed using the
Kaplan—-Meier method and the log-rank test was applied to explore the differences in OS between
short- and long-term survivors and in relation to immunological variables. Cutoff points for survival
analysis were determined using Cutoff Finder software.

The graphs and referred analysis were performed in GraphPad Prism 7 software. Statistical
analyses were made with SSPS program (version 16.0). The signification level was assumed as 0.05
for all the hypothesis tested.

3. Results

3.1. Patient Characteristics and Treatment Outcome

Eighteen advanced NSCLC patients were included in this study. Detailed information can be
found in Table 1. All patients were in stage III or IV, and 94% had a performance status (PS) <1 prior
to entering the study. Sixteen patients reached stable disease (SD) or better at least 4 weeks prior to
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the inclusion in the trial. Most of these patients had received more than one line of chemotherapy

combined with radiotherapy before racotumomab-alum treatment. Two patients were progressors

and unfit for second line cytotoxic treatment.

Table 1. Demographics and baseline characteristics.

Variable Categories N (%)
Age <60y 6 (33.3)
260y 12 (66.6)
Gender Female 9 (50)
Male 9 (50)
ECOG PS 0 8 (44.4)
1 9 (50)
2 1(5.5)
Smoking history Current smoker 13 (72.2)
Former smoker 2 (11.1)
Non-smoker 3(16.6)
Disease Stage ITA 4(22.2)
1B 6 (33.3)
1\Y 8 (44.4)
Tumor histology Adenocarcinoma 5(27.7)
Squamous cell carcinoma 6 (33.3)
NSCLC (NOS) 7 (38.8)
First-line treatment Chemotherapy 2 (11.1)
Radio + chemotherapy 16 (88.8)
Response to first-line CR 1(5.5)
treatment
PR 6 (33.3)
SD 9 (50)
PD 2(11.1)
Other chemotherapy lines Yes 14 (77.7)
No 4(22.2)

CR: Complete response; PR: Partial response; SD: Stable disease; PD: progressive disease; NOS : Not otherwise
specified.

The median overall survival (MOS) was 16.5 months (95% confidence limits: 3.78-29.21) (Figure
2A). To better interpret the data, patients were classified in long-term survivors (= 24 months) and
short-term survivors (< 24 months). In this case, 5 out of 18 (27.8%) were long- term survivors. The
median survival time was not reached in long-term survivors while it was 13 months in the short-
term survival group (p=0.0007, Log-rank test) (Figure 2B).
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Figure 2. Overall survival. A) Kaplan Meier curve for OS in months for all patients (n=18), calculated as the
difference between the vaccination onset and the date of death (n=14), or date of last visit (n=4). (B) Kaplan Meier

curves for short- and long-term survivors. Differences in survival times were assessed by the log-rank test.

3.2. Safety

The adverse events reported in this study were very similar to the ones previously published for
the clinical trials using racotumomab-alum vaccine [18]. The toxicity was classified as grade 1 and 2,
according to the NCI Common Toxicity Criteria (version 4.03). The most common adverse events
were local reaction at the injection site with erythema and induration occasionally associated to mild
pain that lasted few days (1-3 days). Neither biochemical nor hematological abnormalities were
reported.

3.3. Changes of Immune Cell Populations in Short-Term and Long-Term NSCLC Survivors Treated with
Racotumomab-Alum Vaccine

The frequencies of circulating T cell subpopulations were assessed at baseline and after 6 -8
months (post-immune samples) from baseline in 17 NSCLC patients treated with the racotumomab-
alum vaccine and with available pre and post-immunization samples. Gating strategies for
maturation stages of CD8+T cells (CCR7+CD45RA+ naive, CCR7+CD45RA- central memory (CM),
CCR7-CD45RA- effector memory (EM), and CCR7-CD45RA+ terminal effector memory cells
(TEMRA)), and for regulatory CD4+T cells (CD4+CD127-CD25hi) are displayed in Figure 3A. The
comparison of circulating lymphocyte subsets frequencies between long-term survivors (= 24
months) and short-term survivors (< 24 months) at baseline and during treatment is shown in Figure
3B-G. Both CM and EM CD8+T cells showed higher frequency in short-term survivors at baseline as
compared to long—term survivors. On the contrary, long-term survivors had higher frequency of
EMRA CD8+T cells at baseline and this difference persisted after 6 to 8 months of treatment (Figure
3B-D). Regarding CD4+Tregs cells frequency, no differences were found at baseline between these
two groups of patients. However, the frequency of Tregs in short-term survivors was significantly
higher as compared to healthy subjects used as controls (data not shown). Furthermore, a trend to
higher frequency of Tregs cells was detected during treatment in patients with short-term survival
(Figure 3E). Notably, the ratio CD8+T/CD4+Treg cells was significantly higher in long—term survivors
at baseline and after 6-8 months of treatment in comparison with short-term survivors (Figure 3F).
No differences in the frequency of CD4+T cell subsets between long and short-term survivors were
detected (Supplementary Figure S1)

Regarding innate lymphocytes, the frequencies of yd T cells (CD3+ydTCR), NK (CD3-
CD56brightCD16- or CD3-CD56dimCD16+), NKT (CD3+CD56+), innate lymphoid cells (ILCs) (Lin-
CD127+) and their subpopulations, were measured in 9 patients with available samples at baseline
and during racotumomab-alum treatment. The frequency of NKT cells was significantly higher in
long-term survivors at baseline and during treatment as compared to short-term survivors. (Figure
3G). No differences in the frequencies of the rest of innate lymphocytes were found (Supplementary
Figure S2). Gating strategy of CD4+ T cells and innate lymphocytes is shown in Supplementary Figure
S3.
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Figure 3. Changes of immune cell populations during racotumomab-alum treatment in long-term (LS) and short-
term survivors (SS). A) gating strategies for CD4+T regulatory cells, CD8+T cells and NKT cells. B), C) and D)
Behavior of CD8+T cell subpopulations, E) and F) CD4+Tregs cells and CD8+T/CD4+Tregs cells ratio, G) NKT
lymphocytes in long- and short-term survivors during racotumomab-alum vaccination. The asterisks indicate
statistically significant differences between the groups (*p < 0.05, Mann-Whitney U test).

3.4. Changes in Circulating Factor Levels in NSCLC Patients During Racotumomab-Alum Vaccine
Treatment

We assessed the levels of 12 oncology-related immune checkpoint biomarkers and 13
inflammatory cytokines in the sera of 10 NSCLC patients with available samples at baseline and
during racotumomab-alum treatment. In short-term survivors, median serum levels of the pro-
tumorigenic interleukins (IL) -11, IL-23 and IL-33 at post- immune time points (3-6 months) after
racotumomab-alum onset were significantly higher when compared with the values observed in
long-term survivors at the same time points (Figure 4). There were not statistically significant
differences in the above-mentioned cytokine concentrations at baseline between short and long-term
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Figure 4. Changes in serum cytokine levels in long-term (LS) and short-term survivors (SS) at baseline and at
post-immune time points (3-6 months). The asterisks indicate statistically significant differences between the
groups (*p <0.05, *p < 0.01, Mann-Whitney U test).

3.5. Associations Between Immune Cell Populations at Baseline and Overall Survival

Analyses of baseline immune cell population values were performed to identify those subsets
associated with longer OS. In this case, T cell populations from 17 patients and innate lymphocytes
from 9 patients were analyzed. As seen in Figure 5A and 5B, patients with a lower percentage of
CD4+Tregs cells (<4.09%) and CM CD8+T cells (< 11.1%) at baseline displayed longer OS (CD4+Tregs
cells, medians: 13.1 months vs. not reached p= 0.043, log rank test; CM CD8+T cells, medians:11
months vs. not reached p=0.021, log rank test). As expected, patients with higher CD8+T/CD4+Tregs
ratio (4.14) at baseline survived significantly longer (CD8+T/CD4+Tregs cells ratio, medians: 11
months vs 21.7 months p= 0.021, log rank test) (Figure 5C). Interestingly, higher frequency of NKT
cells (= 6.19%) correlated with longer OS (NKT cells, medians: 13.1 months vs. not reached p=0.050,
log rank test) (Figure 5D).
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Figure 5. Association of immune cell populations at baseline with overall survival. Kaplan-Meier curves
representing overall survival vs. immune cell subsets after dichotomizing the data at stablished cut off. Patients
were divided according to the percentage of A) CD4+Tregs cells) , (B) CM CD8+T cells, (C) CD8+T/Tregs cells
ratio and (D) NKT cells. Differences in survival times were assessed by the log-rank test.

4. Discussion

Different studies have established the definition of long-term survival in advanced NSCLC at
more than 2 years from the time of diagnosis, with rates of survivorship after one or more lines of
therapy ranging from 8 to 16%. Most of these studies include treatment with immune checkpoint
inhibitors (ICI) [19-21]. Due to the heterogeneous duration of conventional treatment periods, our
study used a more stringent classification of long—term surviving patients taking into account the
onset of vaccination instead of diagnosis date. The 2-year OS rate for patients who received
racotumomab-alum vaccine as switch maintenance therapy was 27.8% (5 out of 18). This value is
similar to what has been reported for ICI treatments. Recent updated analysis of the KEYNOTE-010
study showed 2-year OS rates of 14.5% for docetaxel versus 30.1% and 37.5% for pembrolizumab 2
mg/kg and 10 mg/kg every 3 weeks, respectively [22]. Similarly, in the OAK trial, patients treated
with atezolizumab displayed a 2-year OS rate of 28% [23]. In the case of nivolumab-treated patients,
pooled data from CheckMate studies showed OS rates of 26.9% as compared to 13.5% in docetaxel
group. The median OS was 11.1 months for nivolumab treated patients as compared to 8.1 months
for those treated with docetaxel [24].

The median OS of patients from the present study was 16.5 months. Although this is a small
series of patients, the results are encouraging, considering that they were biomarker-unselected,
heavily-treated advanced cancer patients. Previously, in a phase III clinical trial using an EGF-based
vaccine (CIMAvax), vaccinated patients showed a median OS of 10.83 months. In the biomarker-
based analysis, those patients with high baseline EGF serum levels had 14.66 months as median OS,
compared with 8.63 months for those with similar EGF serum concentrations who were not
vaccinated [25]. The CIMAvax-treated patients received only front-line chemotherapy before
immunotherapy administration. They were included in the vaccination treatment if reached at least
stable disease after platinum-based first line chemotherapy. In contrasts, the patients in our study
received different chemotherapy lines before the initiation of vaccination. Interestingly, it was
previously shown that survival analysis of advanced NSCLC patients treated with racotumomab-
alum vaccine was adjusted to a bimodal distribution. In this case, 19% of patients were classified as
long-term survivors. These patients remarkably benefited of the treatment since the median OS was
76.6 months [17].

This study aimed to determine changes in immune subpopulations and soluble factors during
racotumomab-alum treatment, as well as to identity potential baseline biomarkers associated with
clinical outcomes. We compared the immune profiles of patients with long and short-term survivals.
In this sense, previous publications have shown that increased numbers of blood and intratumoral
Tregs correlated with worse prognosis and a higher risk or recurrence in patients with NSCLC [26,27].
Moreover, significantly higher percentages of CD4+CD25+FoxP3+Tregs have been observed in
patients with advanced metastatic NSCLC compared to healthy donors [28]. In our study, we found
that Treg frequencies were significantly higher in short-term survivors as compared to healthy
subjects. In contrast, frequencies of Tregs in baseline samples from long-term survivors were similar
to the ones of the healthy counterpart (data not shown). Regarding baseline biomarkers, patients with
higher frequency of Tregs survived shorter. In addition, these frequencies remained high after
racotumomab-alum vaccination in patients with short survival. In long-term survivors, the levels of
Tregs did not increase after treatment, remaining at the baseline level. Controversial results have
been found regarding regulatory T cells and clinical outcome in cancer patients treated with
immunotherapies. Previous studies have reported that high frequencies of circulating Tregs after
anti-PD-1 immunotherapy have been associated with favorable clinical outcome in advanced lung
cancer patients [29,30]. In contrast, other studies reported that lower levels of Tregs before ICI
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treatments in NSCLC patients were associated with better tumor response [31,32]. In addition, several
preclinical and clinical reports support the notion that elimination of Tregs is crucial for effectiveness
of various cancer therapies [33,34]. Furthermore, we found that a high effector/suppressor ratio
measured as CD8+T cells/CD4+Tregs is found in long-surviving patients at baseline and during
racotumomab treatment. It is well known that CD8+T cells can expand and differentiate into cytotoxic
T lymphocytes (CTL) that infiltrate tumors through peripheral blood migration and play an
important role in antitumor immunity through the direct killing of tumor cells [35]. In line with our
findings, recent papers reported that lung cancer patients with a high CD8+T cells/CD4+Tregs ratio
at tumor baseline showed prolonged OS after PD-1/PD-L1 blockade [36,37].

Circulating and lymph node-resident CD8+T cells are classically subdivided according to their
state of differentiation into naive T cells, effector T cells and subsets of memory T cells [38].
Previously, it was reported that high circulating CM/EM ratio is associated with tumor inflammation
in melanoma and lung cancer. Additionally, high CM/EM T cell ratios are associated with longer
survival in NSCLC patients who received nivolumab [39]. In contrast, we found lower CM and EM
CD8+T cells frequencies at baseline in long-term as compared to short-term survivors. Notably,
patients with a high proportion of EMRA CD8+T cells are in the group of longer survival subjects.
EMRA CDS8+T cells are reported as effector memory CD45RA re-expressing T cells. They are
considered a terminally differentiated subset and exhibit low proliferation capacity and
differentiation plasticity, while possessing increased production of perforin and granzyme B [40].
Previous studies have identified differences in EMRA CD8+T cell phenotypes between peripheral
blood and tumor sites in NSCLC patients. Specifically, it was observed that highly immunogenic
tumors had higher proportion of EMRA CD8+T cells that were negative for CD27/CD28 expression
at the tumor site. In the periphery, most of EMRA CD8+T cells had the above-mentioned phenotype
and patients with low CD27/CD28 expression on these cells survived longer when treated with ICI
therapies [41]. Notably, a study in long-term survival colon cancer patients vaccinated with a viral
replicon-based cancer vaccine showed that higher EMRA CD8+T cells and lower Treg proportions
were associated with longer survival times [42]. These findings are in line with our results, and pave
the way to deeper characterize the phenotype of CD8+T cells both in periphery and tumor site,
providing a potential use of these subsets as predictive biomarkers in racotumomab-alum vaccinated
patients.

NKT cells are a heterogeneous subpopulation, that exhibits co-expression of characteristics of
both conventional T lymphocytes (afTCR, CD3) and NK cell surface markers (CD56, CD161) [43]. In
contrast to conventional T lymphocytes, NKT are able to recognize lipid or glycolipid antigens
presented in the context of the non-classical antigen-presenting molecule CD1d [44]. Inside the NKT
cell population, invariant NKT (iNKT) cells harbor an invariant a3 TCR (Va24311 in humans) and
are characterized by a rapid response upon stimulation and in antitumor responses [45]. Most
publications have focused on this subpopulation and have reported an increased number of iNKT at
the tumor site as compared to periphery in cancer patients [46,47]. In addition, accumulation of iNKT
cells in the tumor has been correlated with a better prognosis in colon carcinoma patients [48].
Interestingly, we found a higher percentage of peripheral NKT cells in long-term survivors as
compared to short-term survivors both at baseline and during racotumomab-alum vaccination.
However, we detected significant lower percentage of iNKT in the baseline samples from cancer
patients, regardless the survival, in comparison with healthy donors (data not shown). These findings
are in line with previous publications, in which numerical and functional iNKT deficiencies have
been reported in cancer patients including NSCLC [49,50]. In our case, racotumomab-alum vaccine
aims at achieving an immune response against the ganglioside NeuGcGM3 which is presented in the
context of CD1d [51]. There is a direct association between CD1d expression and survival in NSCLC
patients [52]. Further assessments in racotumomab-alum treated patients should consider the
characterization of these cells and of the CD1d expression at tumor site.

Circulating proteins sequentially assessed in blood samples have demonstrated potential utility
in monitoring clinical responses in NSCLC patients undergoing anti-PD-1 treatments [53-55]. In the
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present study, checkpoint-related biomarkers and inflammatory cytokines were tested before and
after racotumomab-alum treatment. No significant differences were found between long-term and
short-term survivors regarding checkpoint-related molecules. However, our multiplex serum
analyses revealed that patients classified in the poor outcome group exhibited significantly increased
levels of the pro-tumoral cytokines IL-11, 1L-23 and IL-33, after vaccination. Several findings are
associating high levels of these cytokines with lung tumor progression. IL-11 is a pleiotropic cytokine
belonging to IL-6 — related cytokine family that has recently emerged as a tumor-promoting
biomarker [56]. High IL-11 expression has been associated with poorer survival [57]. Additionally,
IL-11 facilitates lung cancer cell chemoresistance via IL-11R/STAT3 signaling pathway which
promotes the activation of anti-apoptotic proteins [58]. IL-23, a member of the pro-inflammatory
cytokine family that includes IL-12, plays an important role in promoting the proliferation and
effector functions of Th17 cells [59]. Previous data support the tumor and metastasis promoting effect
of endogenous IL-23 [60]. It is found overexpressed in many human tumors including lung
malignancies [61]. High levels of IL-23 and sIL-23R have been associated with lower survival rate in
patients with NSCLC [62]. In the case of IL-33, it was identified as a member of the IL-1 family. It
plays a dual role, either promoting or suppressing lung cancer [63]. Clinical studies show that the
high expression of IL-33 in paracancerous tissues of NSCLC patients, along with elevated serum
levels, correlates with increased tumor malignancy and poor prognosis [63,64]. Interestingly, IL-33
remodels the tumor microenvironment by orchestrating the development and maintenance of
immune suppressive cells including Tregs, thereby allowing tumor progression [65,66]. This is in line
with our findings, in which short-term survivors are characterized by increased levels of IL-33 and
Tregs in the periphery. In general, many evidences point to the important role of these cytokines in
lung cancer progression. Combining the blocking of signaling pathways of these cytokines with
racotumomab-alum treatment could increase the number of patients benefiting these therapies.

5. Conclusions

This study presents findings indicating that longer survivals in advanced NSCLC patients
treated with racotumomab-alum vaccine are associated with a unique profile of peripheral
lymphocyte subpopulations at baseline and throughout the vaccination period. Additionally, tumor
progression-associated cytokines seem to increase in short-term survivors. These biomarkers tested
in blood could be potentially used to monitor clinical response in NSCLC patients treated with this
vaccine, or targeted in combination to increase efficacy. Nonetheless, this study is constrained by its
small sample size which restricts the statistical power necessary for comprehensive analysis. Despite
this limitation, the identification of significant associations within such a small cohort is encouraging.
Consequently, these results should be considered as hypothesis generating and warrant further
investigation in larger, randomized immunotherapy trials.
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