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Abstract
SARS-CoV-2 vaccination in cancer patients has become crucial because of their higher risk of
complications and death from COVID19. We performed a prospective study to assess the
immunogenicity of SARS-CoV-2 vaccine in cancer patients treated with CDKi and compared their immune
response with patients treated with chemotherapy. While a robust humoral response was observed in the
CDKi patients compared with chemotherapy patients, limited T-cell immunity was achieved in both
groups.

Introduction
COVID19 pandemic spread globally leading to 187 million cases and 4 million deaths throughout the
world [1]. Cancer patients are a high risk population due to the immunosuppression linked to disease and
therapies. The emergence of SARS-CoV-2 vaccines supposed an important step in pandemic control.
Since cancer patients were not included in vaccines pivotal trials, concerning about safety and e�cacy
arose too. Currently, we can �nd some small prospective in cancer patients, which conclude that solid
tumour patients need at least two doses to achieve a satisfactory humoral response, whereas
haematological patients show worse results [2–7].

To our knowledge, there are not speci�c data about COVID19 immunization in patients on therapy with
CDKi. CDKi in combination with hormonal therapies constitute the standard treatment in luminal
metastatic breast cancer [8]. Secondary neutropenia occurs in up to 80% of patients, being grade 3–4 in
50% and 10% of cases, respectively [9]. This toxicity pro�le could in�uence vaccination immune
response.

We present our analysis of the e�cacy of mRNA-1273 vaccine in patients treated with CDKi, compared
with the results obtained in patients treated with chemotherapy.

Methods
We conducted a prospective unicentric study in patients with solid malignancies. The study was
performed in accordance with Good Clinical Practice guidelines and the World Medical Association
Declaration of Helsinki. It was approved by the institutional review board of Ramón y Cajal University
Hospital (IRB-21) and all patients provided written informed consent before any procedure. 

At baseline, and at least 17 days after the �rst and second dose of vaccine, approximately 30mL of
venous blood were obtained in EDTA tubes. Speci�c antibodies were assessed in the three successive
samples against the S domain of the spike protein (SARS-CoV-2 IgG II Quant Alinity; Abbott, Maidenhead,
UK; positivity threshold 50 arbitrary units (AU)/ml). Cellular immune response was assessed at inclusion
and after complete vaccination. Brie�y, SARS-CoV-2-speci�c CD4+ and CD8+ T-cells were measured using
in vitro stimulation with SARS-CoV-2 peptide pools of viral proteins encompassing the spike (S),
membrane (M), and nucleocapsid (N), followed by quantitation of CD4+ and CD8+ T-cell speci�c
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interferon (IFN)-γ in live cell �ow cytometry, using peripheral blood mononuclear cell (PBMC) samples
from all subjects. It was considered reactive if the proportion of positive cells in stimulated wells was at
least 2-fold higher in comparison with the negative control wells (unstimulated).

GraphPadPrism version 8.0 was used to generate the �gures and STATA-15 software to data analysis.
Fisher exact test was used to compare proportions and Mann-Whitney test to compare quantitative
variables. Results with a p value less than 0.05 were considered statistically signi�cant. 

Results
We carried out an observational prospective study in patients with solid malignancies on active therapy,
who received mRNA-1273 SARS-CoV-2 vaccine. Patients with history of previous COVID19 were excluded.

A baseline determination of humoral and T-cell response was performed and repeated at least 17 days
after the �rst vaccine dose (1D) (humoral) and the second vaccine dose (2D) (humoral and cellular).
From the 35 patients included in each cohort, 9 patients in the CDKi cohort and 3 patients in the
chemotherapy cohort had a positive basal serology; and they were excluded for further analysis. Due to
performance status worsening, 1D sample was not obtained in one patient from each group, and 2D
sample was not obtained in 2 additional patients from the chemotherapy group (Fig. 1A). Therefore, the
following comparisons were made with 26 CDKi and 32 chemotherapy patients.

Patient characteristics are shown in Table I. In the CDKi group, the three approved drugs were well
represented: abemaciclib (9 patients), palbociclib (15 patients) and ribociclib (2 patients).

The proportion of patients with positive serology was signi�cantly higher with CDKi after 1D (100% vs
64.5%, p 0.001), without signi�cant differences after 2D (100% vs 89.7%, p 0.2). Besides CDKi patients
achieved signi�cantly higher levels of anti-S IgG after 1D (p 0.0002) and 2D (p 0.02) (Fig. 1B). There was
not a signi�cant correlation between the humoral response and the cellular immunogenicity at baseline.

Regarding cellular immunogenicity, we found no signi�cant differences between groups in the proportion
of patients with anti-S T-cell CD4 response after 2D (69.2% vs 51.7%, p 0.3). However, positive anti-S CD8
samples were signi�cantly higher with CDKi (69.2% vs 37.9%, p 0.03). As observed with the humoral
response, the magnitude of T-cell response was higher with CDKi in comparison with chemotherapy (p
0.049 and 0.006 for CD4 and CD8 T-cell response, respectively) (Fig. 1C and 1D).

Of note, nearly one third of patients with CDKi had T-cell response at baseline, suggesting the presence of
cross-reactivity in absence of prior disease or positive serology. We evaluated the response excluding
those patients with basal T-cell response from the analysis (9 from CDKi and 5 from chemotherapy).
Humoral immunogenicity remained signi�cantly higher with CDKi both after 1D (p 0.0004) and 2D (p
0.04). Similar results were obtained regarding T-cell response: no signi�cant differences in CD4 response
(64.7 vs 44%; p 0.1), and better CD8 response with CDKi (58.8 vs 32%; p 0.04).
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Discussion
Immunosuppression secondary to cancer and oncologic therapies increases the risk of severe COVID19
and, at the same time, it decreases the effect of the principal weapons we have: vaccines. However,
cancer patients are a heterogeneous group and speci�c data about each neoplasm and therapy is not
available.   We conducted a prospective study to analyse humoral and cellular response to vaccination in
breast cancer patients receiving treatment with CDKi in comparison with patients on chemotherapy.

We have observed that patients with CDKi showed high rates of humoral response after even only one
dose. Nevertheless, only 60% of patients on chemotherapy showed seroconversion after the �rst dose,
highlighting the need of two doses in this population. Also, the anti-S titres were signi�cantly higher with
CDKi, a relevant issue since there is a correlation of the serology with neutralizing antibodies [10]. On the
other hand, higher rates of speci�c T-cell CD8 response were observed in patients on CDKi treatment
compared with chemotherapy, but limited if we compared them with historical healthy controls [11]. 

It should be noted that there was a lack of correlation between humoral and cellular responses. Despite
the higher rates of seroconversion in patients with CDKi, only two thirds of them had T-cell response more
than 3 weeks after a correct vaccination scheme. In addition, T-cell response data with chemotherapy got
worse. Since cellular immunity could be the main line of defence in presence of viral variants these data
are concerning [12–14].

Mechanism underlying neutropenia with CDKi is different from chemotherapy. In fact, despite the high
rates of grade 3-4 neutropenia with CDKi, the rate of infections and febrile neutropenia are extremely low
[9]. Therefore, we expected to �nd a better immune response to vaccines with CDKi. While humoral
response has been satisfactory, T cell response rate is less than expected. These results are contradictory
with recent data about immunomodulatory effects of CDKi. Preclinical studies showed that CDKi boost
effector T-cell functions, and their combination with anti-PD-1 antibodies have synergic effect, increasing
interferon production in CD8-T-cells and IL-2 in CD4-T-cells [15,16]. This generates the hypothesis that
immunosuppression secondary to advanced neoplasms underlies the limited T-cell response, and the
stimulation of cytotoxic T-cell response of CDKi would only reverse partially this effect [17].  

Our study has several limitations. On one hand, the small number of patients included and the lack of
data about the level of protection against SARS-CoV-2 infection and severe COVID19. On the other hand,
we do not include neutralizing antibodies evaluation that could be responsible of protection even with
lack of adequate T-cell response and they have been correlated with speci�c antibodies [10]. Also, we
include patients with cross-reactive cellular immunity at baseline that could have improved the �nal rate
of T-cell response [18,19].  

In conclusion, humoral response is adequate in patients treated with CDKi and quantitatively lower with
chemotherapy. However, cellular response is low in both groups, especially in patients on chemotherapy.
These data should be considered in the vaccination schedules, and new vaccination strategies should be
developed for cancer patients. 
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Figure 1

1D sample was not obtained in one patient from each group, and 2D sample was not obtained in 2
additional patients from the chemotherapy group (Figure 1A). Besides CDKi patients achieved
signi�cantly higher levels of anti-S IgG after 1D (p 0.0002) and 2D (p 0.02) (Figure 1B). As observed with
the humoral response, the magnitude of T-cell response was higher with CDKi in comparison with
chemotherapy (p 0.049 and 0.006 for CD4 and CD8 T-cell response, respectively) (Figure 1C and 1D).


