
	[bookmark: _Hlk55572474][bookmark: _Hlk92798394]Kind Reminder
1) Please perform all corrections in this manuscript,
2) Enable “Track changes” while performing your revisions,
3) The authors shall not delete any comments present on the right side or line number 
(left side) in this file.
4) Kindly provide a simple reply to all the comments present on the right side.
5) First revise your work based on the Reviewers comments then send it for Language Editing services. After that, double check the Language writing again before resubmission.
6) Kindly note that a decision on this work will depend on the quality of your response to the Peer Reviewers' comments, the revisions performed in this file, presentation of all the graphics and tables of this study, and the writing skills of the authors. Kindly submit this file in your next submission 

Kindly submit Before the Deadline else This Work Could Be Considered as Withdrawn
Deadline for resubmission: 2022.05.04
Thank you



Manuscript type: Letter	Comment by The Editor: Dear authors, thank you for submitting your work to Cancer Communications.

Please note that this manuscript format has been revised on your behalf to match the style of Cancer Communications:
➠So that the authors can focus more on the content and response to the Peer Reviewers,
➠Kindly do not perform any format related changes to the main text, as far as possible, unless specified by Cancer Communications

Wish you a great revision and timely submission

Assessment of immune response to anti-Covid-19 booster in patients with advanced cancers and medical cannabis users

Evaluation of immune response to the anti-Covid-19 booster by Oncology patients and chronic Medical Cannabis consumers 

Equivalent and adequate immune response of patients with advanced cancers and chronic medical cannabis users to Anti-Covid-19 vaccine booster vaccine 




Cohen Idan1*, Campisi-Pinto Salvatore4, Rozenberg Orit3, Abaev Ariel3, Khoury Marah3, Agbaria Dana3, Eitam Harel3, Colodner Raul3, Khoury Mona1,2, Shalabna Hassan1, Samih Yousef1, Mahamid Camel1, Abu-Amna Mahmoud1,2, and Bar-Sela Gil1,2*

Affiliations	Comment by The Editor: Kindly revise all affiliations in the following order:
Name of department
Name of institution
Name of City
 Postal code
Name of Province and name of country	Comment by ‪Idan Cohen‬‏: OK
1. Cancer Center, Emek Medical Center, 21 Yitzhak Rabin Blvd, 1834111 Afula, Israel.    
2. Bruce Rappaport Faculty of Medicine, Technion-Israel Institute of Technology, Haifa 320002, Israel
3. Emek Medical Center, Clinical laboratories, Clalit, Afula, Israel.
4. Emek Medical Center, Research Authority 

Corresponding authors:	Comment by The Editor: Kindly provide the full details (each affiliation, address and email) of these respected corresponding authors
1. Prof Gil bar Sela gil_ba@clalit.org.il, 
2. Dr. Cohen Idan idan5161@gmail.com

Letter to the Editor
On 29 Jul 2021, the Israeli Ministry of Health was the first to approve the third anti-Covid-19 vaccination (BNT162b2 booster dose) worldwide, leading to a sharp daily drop-in positive SARS-CoV-2 diagnosed cases and mortality rates [1]. Until the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) Omicron variant emerged, the daily diagnosis of positive SARS-CoV-2 cases resulting in severe acute respiratory failure's hospitalization remained minimal the vaccine-derived SARS-CoV-2 protection achieved by BNT162b2 booster dose. BNT162b2 booster dose increases Omicron neutralization efficiency around a hundredfold compared to individuals receiving only the second dose, providing significant protection against infection [2]. Due to their immunocompromised condition, cancer patients may be more susceptible and generally more vulnerable to infections. Indeed, due to the chronic weakening of their immune system, cancer patients are at higher risk of developing severe clinical outcomes and associated with an increased risk of morbidity and mortality from SARS-CoV-2 [3]. Cancer patients treated with anticancer drugs or undergoing major surgery double the risk of developing a severe illness, hospitalization, and death due to SARS-CoV-2 [3]. Recent research studies indicate that anti-COVID-19 immunity decreases over time when boosters can positively potentiate anti-COVID-19 immunity. Studies of cancer patients receiving the second BNT162b2 booster dose indicated a pronounced lag in antibody production compared to controls, yet, the seroconversion rate tested four weeks after administration was comparable[4]. No adverse effects or association between immunoglobulin G (IgG) levels and active anticancer therapies like chemotherapy or radiation were reported [4, 5]. Early reports of cancer patients receiving the third BNT162b2 booster dose indicated efficient and robust potentiation of anti-COVID-19 immunity measured over a short period (4 weeks after administration) post BNT162b2 booster dose, where gender or chemotherapy status was not associated with higher antibody levels [6]. Though firmly supporting the BNT162b2 booster dose for actively treated cancer patients, significantly lower pre-booster and post-booster antibody concentrations were noted (1 month after administration)  in oncology patients compared to the control group [7]. 

Cannabis may potently suppress humoral immunity and antigen-specific antibody production when natural or synthetic Tetrahydrocannabinol (THC) derivatives can hinder humoral and cell-mediated immunity [8]. The American Society of Clinical Oncology (ASCO) estimated that by 2021, 20% to 40% of patients with cancer are consuming some form of cannabis either during or after treatment. Due to its potent immunosuppressive properties and no prior data reporting of anti-Covid-19  antibody production among cannabis users and its prevalence consumption by oncology patients, we see an urgent and immediate need to test the effect of cannabis consumption on anti-Covid-19 immunity after  BNT162b2 booster dose vaccination.
	
	We monitored humoral immunity after the BNT162b2 booster dose to assess cancer patients' vaccine-derived antibody production compared to non-oncology donors. Unlike recent BNT162b2 booster dose reports measuring anti-COVID-19 IgG immediately after administration (3-4 weeks) before the level of total antibodies and avidity fully increase (from 30 to 120 days), our measurements were taken between 31 to 120 days after the BNT162b2 booster dose, after a full IgG avidity maturation (high-affinity IgG occurrence) humoral response. To enable an appropriate uniformed, matched comparison representation between different groups (i.e., oncology vs. non-oncology donors and users vs. non-users), we assessed the anti-COVID-19 antibody titer of all samples using a unified, standardized authorized immunoassay. 

We assessed IgG titers of oncology versus non-oncology donors as well as cannabis users versus non-users (Supplementary Table-1). A total of 154 participants were grouped into: Oncology (n=62); Oncology + medical cannabis use (n = 25); Non-oncology (n = 46); Non-oncology + cannabis users (n = 21); mean age 61 years [IQR25 = 53, IQR75 = 71]; females n = 85 (55%). Within the oncology group, n = 60 were metastatic and n = 27 localized cancer; the most frequent treatment was chemotherapy (n = 47) followed by chemotherapy and biological treatment (n = 11). Comorbidities among oncology patients were equally distributed between cannabis users and non-users. Among the cannabis users, the mean daily dosage was 1gr (30 gr monthly prescription) (Supplamentary Table-1). Each individual was tested for IgG levels at a single time point (between day 31 and day 122 after BNT162b2 booster dose  (mean 73 days [IQR25 = 63, IQR75 = 73]). 

Results show that mean IgG titers were equivalent over all the groups considered in this study (Supplamentary Table-1 and Figure-1A). Overall, donors’ health conditions (i.e. oncology vs non-oncology) and cannabis use (i.e. users vs non-users) were not significant factors of variance for IgG titers (Two-way ANOVA for Cannabis use p-val. = .643, Health conditions p-val. = .681, Interaction between Cannabis use and Health conditions p-val. = 0.09). We also tested for other possible sources of IgG variance, specifically: treatments, stage, and type of cancer. We found no significant association between these variables and IgG titers. Finally, no significant correlation between IgG titers and time of blood sampling was found (Figure-1B). 

Next, we dichotomized all donors according to IgG titers. As a threshold, we defined IgG = 4000 AU/ml, which is 10% of the IgG maximum titer value. Therefore the groups are: BNT162b2 booster dose  Low responders (IgG<4000 AU/ml) and  High-responders (IgG > 4000 AU/ml) (Supplamentary Table-2). Since low responders may be at higher risk of Covid-19 infection due to the low anti-Covid-19 IgG titers, we tested whether this group is associated with any distinct CBC features. Blood samples were first taken before the BNT162b2 booster dose (designated as time-2) and after booster administration (designated as time-3). We found a significant difference in the levels of Hemoglobin (HB, p-val = 0.039), White blood cells (WBC, p-val = 0.046), Neutrophiles (Neu, p-val < 0.001), and Monocytes (Mono, p-val = 0.043) at time-3 (only after BNT162b2 booster dose) between Low and High responders. Notably, the levels of Eosinophils (EOS) were the only CBC parameter showing a significant difference before the BNT162b2 booster dose (p-val = 0.015) and a borderline significant difference after the BNT162b2 booster dose (p-val = 0.088) (Figure-1C and Supplementary Table-3, Supplementary Table-4). Although no rationale is yet presented, as considerable support for our findings, hemoglobin disorders, chronic iron deficiency, and anemia were recently highlighted as possible determinants affecting humoral response against Covid-19. Nonetheless, our findings show that these common blood test variables correlate significantly with anti-covid-19 IgG levels after booster administration. Even though data is yet minimal and largely unexplained, low Eoshenophil counts or Eosinopenia of COVID-19 patients correlate with critical disease progression, predicting intensive care unit transfer among elderly COVID-19 patients, suggested as a marker to indicate a re-positive infection in patients who once had COVID-19 and most importantly higher COVID-19 mortality rates [9, 10]. 

In contrast to previous early studies reporting antibody production at early time points, our results indicate that vaccine-induced IgG production is equally effective in cancer patients as in control groups. We also provided the first assessment of cannabis consumption by oncological patients and non-oncological individuals on anti-Covid-19 vaccination and demonstrated no significant impact or interaction with anti-Covid-19 IgG production. Thus, considering that  cannabis is highly prevalent among cancer patients, its safety, concerning anti-Covid-19 vaccination is of great significance. Finally, our report also uncovers an unexplained link between circulating eosinophil levels and the immune response to Covid-19, which deserves further attention and additional studies.
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Figure Legends 
Figure 1 – IgG titer levels and CBC parameters over various groups. (A) IgG titers (AU/ml) in relation to two factors of variance, cannabis use (user, non-users) and health conditions (Non-oncology, Oncology). On each box plot, the central mark indicates the median, and the bottom and top edges of the box indicate the 25th and 75th percentiles, respectively. Means are plotted individually using the 'full dots' marker symbol. (B) Incidence (%) of high responders (Ig>4000) over time (days from vaccination to the measurement of anti-COVID-19 immunoglobulin G (IgG)). (C) Correlation of CBC levels and cell counts, in relation to two factors of variance, IgG response (High responders >4000 vs. Low responders <4000) and time of measurement (time-2 before 3rd dose vs. time-3 after 3rd dose). Each box represents a different tested blood component. The left side of each box shows measurements before the 3rd dose (time-2), and the right side shows measurements after the 3rd dose (time-3). In each box-plot: the central marks indicate the median, and the bottom and top edges of the box indicate the 25th and 75th percentiles, respectively. Means are plotted individually using the 'full dots' marker symbol. 


Abbreviations
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
Coronavirus disease 2019 (COVID-19)
Immunoglobulin-G (IgG)
Tetrahydrocannabinol (THC)  
Complete Blood Counts (CBC)
Eosinophils (EOS)

Acknowledgment
[bookmark: _Hlk94450323]Research in our laboratory is funded by the Ministry of Health (Jerusalem, Israel) grant number: 3000015198 and the Israeli Cancer Association grant number 2020002. We also would like to thank  Ms. Tami Appelbaum for her major help with linguistic and manuscript editing.
Authors contributions
RO, AA, KM, AD, EH, and RC performed CBC blood processing analysis and documentation. KM, SH, YS, MC, AAM, and BSG were responsible for donor recruitments monitoring patients, and collecting and assembling clinical data and blood samples. SCP, CI, and BSG performed statistically, and data analysis generated the figures and wrote the manuscript. CI and BSG conceived, designed, supervised, and sponsored the study.  
Funding
Research in our laboratory is funded by the Ministry of Health (Jerusalem, Israel) grant number: 3000015198 and the Israeli Cancer Association grant number 2020002
Availability of data and materials 
The datasets used and analyzed during the current study are available from the corresponding author on reasonable request.
Ethics approval and consent to participate
All study donors agreed and signed an informed content included in the study protocol authorized and approved by the institutional ethical committee (0133-21-EMC).

Consent for publication 
All authors give consent for the publication of the manuscript.
Competing interests 
The authors declare no competing interests. 

Author details
1Cancer Center, Emek Medical Center, 21 Yitzhak Rabin Blvd, 1834111 Afula, Israel .2Bruce Rappaport Faculty of Medicine, Technion-Israel Institute of Technology, Haifa 320002, Israel. 3Emek Medical Center, Clinical laboratories, Clalit, Afula, Israel. 4Emek Medical Center, Research Authority



Page 2 of 2
[bookmark: _Hlk47942974][bookmark: _Hlk92269775][bookmark: _Hlk68085795][bookmark: _Hlk77862195][bookmark: _Hlk82771859][bookmark: _Hlk59109861]Please address to all comments of the Reviewers and briefly reply to all the Editor’s comments.
Double check all corrections. Deadline for resubmission: 2022.05.04
