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Aim: To evaluate the immunogenicity and safety of the CoronaVac vaccine in patients with cancer receiv-
ing active systemic therapy. Methods: This multicenter, prospective, observational study was conducted
with 47 patients receiving active systemic therapy for cancer. CoronaVac was administered as two doses
(3 μg/day) on days 0 and 28. Antibody level higher than 1 IU/ml was defined as ’immunogenicity.’ Re-
sults: The immunogenicity rate was 63.8% (30/47) in the entire patient group, 59.5% (25/42) in those
receiving at least one cytotoxic drug and 100% (five of five) in those receiving monoclonal antibody or
immunotherapy alone. Age was an independent predictive factor for immunogenicity (odds ratio: 0.830;
p = 0.043). Conclusion: More than half of cancer patients receiving active systemic therapy developed
immunogenicity.

Tweetable abstract: Immunogenicity developed with CoronaVac in 25 (59.5%) of 42 patients who received
at least one cytotoxic drug and in all patients (n = 5) who received monoclonal antibody or immunotherapy
alone.
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The coronavirus disease 2019 (COVID-19) pandemic has affected millions of people worldwide and caused
more than 3 million deaths [1]. Advanced age and chronic disease are major risk factors for increased COVID-19
morbidity and mortality [2]. Cancer patients constitute a particular subgroup that needs more care because of
delays in diagnostic and therapeutic processes during the pandemic leading to higher mortality rates [3,4]. Vaccines
developed against COVID-19 have been promising for cancer patients as well as healthy individuals [5].

CoronaVac is an inactivated COVID-19 vaccine that has been shown to have immunogenicity, with vaccine-
induced neutralizing antibodies to SARS coronavirus 2 (SARS-CoV-2) that can neutralize ten representative strains
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of SARS-CoV-2 [6,7]. In a phase II study, a highly automated bioreactor (ReadyToProcess WAVE 25 rocker; Cytiva,
Umeå, Sweden) was used to produce the vaccine. Immunogenicity is provided by the high content of intact spike
proteins in the vaccine. It has been used in many countries, including China and Turkey. The CoronaVac vaccine
was approved by World Health Organization (WHO) after results of the phase III trial’s interim analysis [8].

Experiences from influenza vaccine trials have given rise to thinking about possible lower immunogenicity rates in
patients who are on active immunosuppressive therapy [9,10]. However, seasonal influenza vaccines have a protective
effect even in cancer patients who receive active systemic treatment, although they develop less immunogenicity
than healthy people [9]. In COVID-19 vaccine trials, receiving immunosuppressive therapy was an exclusion
criterion, so patients on immunosuppressants (including cancer patients) were not included in the trials [6,7]. This
therefore obscures the effectiveness of the COVID-19 vaccine in patients with a cancer diagnosis. Although there
are no randomized controlled clinical trial data evaluating the immunogenicity of the COVID-19 vaccine in cancer
patients who are on active systemic therapy, the COVID-19 vaccine is recommended for these patients by leading
and local guidelines [11,12]. This multicenter, prospective, observational study aimed to evaluate the immunogenicity
and safety of the CoronaVac vaccine in patients with solid organ tumors receiving active systemic therapy (cytotoxic
chemotherapy, monoclonal antibody, immunotherapy).

Methods
This multicenter, prospective, observational study was conducted with patients diagnosed with solid organ tumors
receiving active systemic therapy. Ethics committee approval (2021-01/963) and Ministry of Health permission for
the study were obtained on January 13, 2021. An informed consent form was obtained from all patients included in
the study. Patients who had a solid organ tumor diagnosis, active systemic therapy (cytotoxic chemotherapy, mon-
oclonal antibody, immunotherapy), Eastern Cooperative Oncology Group performance status 0–2, life expectancy
>12 weeks, age >18 years and negative SARS-CoV-2 antibody serology before the first vaccine dose were included
in the study. Those who had previous COVID-19 infection, contact with COVID-19-infected people in the last
14 days or any other immunosuppressive disease (i.e., HIV infection, solid organ transplant) were excluded from
the study.

Evaluation of vaccine immunogenicity was the primary outcome of the study. Secondary outcomes were deter-
mining side effects, safety and factors affecting vaccine immunogenicity (e.g., age, sex, systemic treatment regimen).
Baseline blood samples to measure SARS-CoV2 antibody level were taken 0–3 days before administration of the
first dose of the vaccine. There was no intervention in planned systemic treatment schedules. A second dose of the
vaccine was administered 4 weeks after the first dose. Side effects were recorded after the first and second doses. A
second blood sample was taken to measure antibody level 4 weeks after the last dose of the vaccine. All patients
were vaccinated within the Ministry of Health’s vaccination program.

Vaccine procedure
CoronaVac is an inactivated vaccine against COVID-19. The vaccine (3 μg in 0.5 ml of aluminum hydroxide
diluent per dose in ready-to-use syringes) was administered intramuscularly according to a dosing schedule of day
0 and day 28. Since the study was noninterventional, a specific day was not determined between the patients’
systemic treatment and administration of the vaccine by investigators. The median interval between the first dose
of the vaccine and start of the previous chemotherapy cycle was 7 days (interquartile range: 5–10 days). The
median interval between the second dose of the vaccine and start of the previous chemotherapy cycle was 7 days
(interquartile range: 5–8 days).

Interpretation of antibody results & assessment of immunogenicity
SARS-COV-2 antibody was evaluated by Siemens Healthcare Diagnostics (Tarrytown, NY, USA) Atellica IM
SARS-CoV-2 total ELISA kits approved by the US FDA. The system reports Atellica IM SARS-CoV-2 total assay
results in index values and as nonreactive (<1 index) or reactive (≥1.0 index) [13]. Seroconversion (immunogenicity)
was defined as post-vaccination positivity of SARS-COV-2 antibody (≥1 IU) that was negative (<1 IU) before
vaccination. The antibody meter ranged from 0.05 to 10 IU, and values higher than 10 IU were reported as >10 IU.
According to serum antibody level, immunogenicity was classified as low (1–5 IU), intermediate (6–10 IU), or
high (>10 IU).
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Statistical analysis
In the descriptive statistics of the study, numerical data were given as median (range or interquartile range) and
categorical data as frequency (percentage). The Mann–Whitney U test was used to compare the continuous
variables of the two independent groups. Pearson’s chi-square or Fisher’s exact test was used to compare categorical
data. Variables with a p < 0.20 as a result of univariate analysis were included in the logistic regression analysis
to determine the factors affecting immunogenicity. Statistical analysis was performed with SPSS Statistics 25.0
(IBM Corporation, NY, USA) for Windows (Microsoft Corporation, WA, USA), and a two-tailed p < 0.05 was
considered statistically significant.

Results
Patient characteristics
A total of 47 patients with solid tumors were enrolled consecutively between 25 January 2021, and 26 April 2021.
The median patient age was 73 years (range: 64–80), and 61.7% were male. Primary cancer sites, in order of
frequency, were colorectal, breast, lung, genitourinary, gastric, pancreas, gynecological, biliary tract, and CNS. The
majority of patients were diagnosed with stage IV disease and received palliative systemic treatment. There were 42
(89.4%) patients receiving at least one cytotoxic drug, three (6.4%) receiving monoclonal antibody alone and two
(4.2%) receiving immunotherapy alone. Granulocyte colony-stimulating factor was administered to 36.2% of the
patients (Tables 1 & 2).

Immunogenicity
Of the 47 patients, 30 (63.8%) had seroconversion (immunogenicity). Immunogenicity developed in all five patients
who received monoclonal antibody (n = 3) or immunotherapy (n = 2) alone. Immunogenicity also developed in
25 (59.5%) of 42 patients who received at least one cytotoxic drug. Antibody levels in all patients who received
monoclonal antibodies were found to be higher (>10 IU) and were slightly elevated (1–5 IU) in two patients
who received immunotherapy alone. Of the 25 patients who received at least one systemic cytotoxic treatment and
developed immunogenicity, high (>10 IU) antibody levels were measured in four, moderate (6–10 IU) levels were
measured in six and low (1–5 IU) levels were measured in 15. Detailed patient demographics, clinical characteristics
and antibody levels are shown in Table 3.

In univariate analysis, patients who had immunogenicity were younger, with a median age of 72 years (p = 0.031),
whereas the median age of those who had no seroconversion was 75 years. The immunogenicity rate was lower in
those who used granulocyte colony-stimulating factor (47.1% vs. 73.3%; p = 0.072). There was no relationship
between immunogenicity and other demographic and clinical characteristics (Table 3).

Age was defined as a significant independent predictive factor for CoronaVac immunogenicity in multivariate
analysis (odds ratio: 0.830; 95% CI: 0.693–0.994; p = 0.043) (Table 4). None of the patients had COVID-19
infection at a median follow-up of 85 days (range: 62–98 days).

Safety analysis
Local and systemic reactions after the first and second doses of the vaccine are shown in Table 5. After the first and
second doses, side effect rates of any grade were 18.9 and 23.1%, respectively. With regard to local reactions, pain
at the injection site was the most common side effect; among systemic side effects, fatigue was the most common.
There were no serious (grade 3 or 4) side effects or toxic deaths.

Discussion
In this study, the authors prospectively evaluated the immunogenicity and safety of the CoronaVac vaccine in
patients with solid organ tumors receiving active systemic therapy. The immunogenicity rate was 63.8% for the
whole patient population and 59.5% for the patients who received at least one cytotoxic chemotherapy. The
phase I and II CoronaVac trial, which evaluated the immunogenicity of the CoronaVac vaccine in healthy 18- to
59-year-old individuals, had four cohorts, and 3 and 6 μg of the vaccine was administered on a schedule of 0–14
and 0–28 days [6]. However, in the authors’ study, the vaccine was administered on days 0 and 28 at a dose of
3 μg. In the phase I and II CoronaVac trial, the immunogenicity rates were 95.0 and 96.5% for doses of 3 and
6 μg (days 0 and 28), respectively. Another phase I and II trial evaluated the immunogenicity and safety of the
CoronaVac vaccine in a healthy elderly population (≥60 years) [7], and the immunogenicity rates were 98.0 and
99.0% in the 3 and 6-μg dose subgroups, respectively. In the present study, the immunogenicity rates with 3 μg
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Table 1. Demographic and clinical features of the patients.
Demographic and clinical features Patients (n = 47)

Age (years), median (range) 73 (64–80)

Sex, n (%)

Male 29 (61.7)

Female 18 (38.3)

Primary malignancy, n (%)

Colorectal 13 (27.7)

Breast 7 (14.9)

Lung 6 (12.8)

Genitourinary 6 (12.8)

Gastric 5 (10.6)

Pancreas 4 (8.5)

Gynecological 3 (6.4)

Biliary tract 2 (4.2)

CNS 1 (2.1)

TNM stage, n (%)

II 4 (8.5)

III 10 (21.3)

IV 33 (70.2)

Treatment modality, n (%)

Neoadjuvant 1 (2.1)

Adjuvant 15 (31.9)

Palliative 31 (66.0)

Type of anticancer treatment, n (%)

Receiving at least one cytotoxic drug 42 (89.4)

Receiving only monoclonal antibody 3 (6.4)

Receiving only immunotherapy 2 (4.2)

Treatment group, n (%)

3W 10 (21.3)

2W 22 (46.8)

1W 7 (14.9)

C 6 (12.8)

IO 2 (4.2)

G-CSF, n (%)

No 30 (63.8)

Yes 17 (36.2)

1W: Cytotoxic drug or monoclonal antibody given each week; 2W: Cytotoxic drug or monoclonal antibody given every 2 weeks; 3W: Cytotoxic
drug or monoclonal antibody given every 3 weeks; C: Cytotoxic drug given continuously orally; G-CSF: Granulocyte colony-stimulating factor; IO:
Immunotherapy given every 2 weeks; TNM: Tumor, node, metastasis.

(days 0 and 28) were lower than those seen in these phase I and II CoronaVac trials. However, this study included
cancer patients who were undergoing active systemic cancer treatment with chemotherapy, monoclonal antibody or
immunotherapy. Although the immunogenicity rate was relatively lower in cancer patients, none had COVID-19
over a median follow-up period of 85 days.

To the authors’ knowledge, this is the first study to evaluate the immunogenicity of the CoronaVac vaccine in
cancer patients receiving active systemic therapy. The low immunogenicity demonstrated in the authors’ study was
consistent with other studies [14–17]. In a study conducted in Turkey, it was shown that patients using immunomod-
ulators for rheumatological disease developed less immunogenicity compared with healthy individuals receiving the
CoronaVac vaccine [14]. Similar results have been found in cancer patients who received the mRNA-1273 (Mod-
erna, MA, USA) or BNT162b2 mRNA (Pfizer, NY, USA) COVID-19 vaccines [15–17]. The immunogenicity rate
was found to be 53.7% in patients with hematological malignancies, of which approximately 45% received active
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Table 2. Details of patient demographics, clinical features, treatment schedules and immunogenicity results.
Group Age

(years)
Sex ECOG PS Comorbidity Primary Stage Regimen G-CSF Antibody

IU/ml
Seroconversion

3W 64 F 1 DM, HT Breast III Trastuzumab N �10 Y

3W 72 F 1 HT Breast IV Trastuzumab N �10 Y

3W 74 F 0 DM, HT Breast III Doxorubicin + cyclophosphamide N 6.82 Y

3W 65 F 1 DM, HT Breast IV Pertuzumab + trastuzumab N �10 Y

3W 65 F 1 HT, COPD Lung II Etoposide + cisplatin N 2.87 Y

3W 70 M 2 CHF Lung IV Paclitaxel + carboplatin N �10 Y

3W 75 M 2 – Lung III Paclitaxel + carboplatin Y 0.27 N

3W 74 M 0 – Prostate IV Docataxel Y 0.87 N

3W 74 M 1 HT, CAD Prostate IV Docetaxel Y 0.64 N

3W 74 M 1 – Gastric IV Docetaxel + cisplatin + 5-FU Y 0.59 N

2W 80 M 1 – Gastric IV FOLFIRI Y 1.12 Y

2W 71 M 0 HT, CAD Colon IV FOLFIRI + cetuximab N 6.82 Y

2W 75 F 1 HT, DM GBM IV Irinotecan + bevacizumab N �10 Y

2W 80 F 1 HT Bladder IV Paclitaxel + carboplatin Y 0.90 N

2W 73 M 1 DM Colon IV FUFA + bevacizumab N 1.58 Y

2W 69 M 0 – Pancreas IV Gemcitabine 1–8 N 0.98 N

2W 80 F 1 HT Colon IV FUFA + bevacizumab N 5.29 Y

2W 71 M 1 DM, HT, COPD Pancreas IV mFOLFIRINOX Y 1.20 Y

2W 73 F 1 HT Colon IV FOLFIRI N 2.78 Y

2W 71 M 1 HT, DM Colon III FUFA N 6.31 Y

2W 72 M 1 Arrhythmia Colon IV FOLFIRI + cetuximab Y 9.15 Y

2W 78 M 1 Asthma Pancreas III Gemcitabine Y 1.66 Y

2W 74 M 1 HT, COPD Gastric III FUFA N 4.86 Y

2W 75 M 1 CAD Colon IV FOLFIRI Y 0.76 N

2W 72 F 1 – Breast IV Gemcitabine Y 0.98 Y

2W 72 M 0 HT Bladder IV Gemcitabine + carboplatin N 2.66 Y

2W 78 F 2 HT, DM Endometrium IV Paclitaxel + carboplatin N 0.86 N

2W 77 F 1 HT, COPD Ovarian IV Gemcitabine Y 0.05 N

2W 68 M 1 HT Gastric III FLOT4 Y 1.05 Y

2W 65 M 1 HT, CAH Rectum IV FOLFOX N 4.42 Y

2W 77 F 2 HT, DM Pancreas IV FOLFIRI Y �10 Y

2W 76 M 1 HT, DM, CAD Biliary tract IV Gemcitabine + cisplatin N 0.83 N

1W 73 M 1 – Lung IV Paclitaxel Y 1.05 Y

1W 77 M 1 CAH Lung IV Irinotecan N 0.19 N

1W 80 F 1 HT, DM, arrhythmia Breast III Paclitaxel Y 0.45 N

1W 66 F 0 – Breast II Paclitaxel N 0.97 N

1W 67 M 0 – Rectum IV 5-FU N �10 Y

1W 77 F 1 HT Ovarian IV Paclitaxel + carboplatin Y 7.20 Y

1W 70 M 0 – Lung III Carboplatin N 1.07 Y

C 73 F 1 – Biliary tract IV Capecitabine N 1.03 Y

C 73 M 1 Asthma Colon II Capecitabine N 1.59 Y

C 72 M 1 DM Colon II XELOX N 4.42 Y

C 73 M 2 – Gastric III XELOX N 0.80 Y

C 71 F 2 HT, DM Rectum IV Capecitabine + cetuximab N 0.05 N

C 76 M 1 – Colon IV Capecitabine N 0.95 N

IO 71 M 0 – RCC IV Nivolumab N 2.06 Y

IO 76 M 1 – RCC IV Nivolumab N 1.93 Y

1W: Cytotoxic drug or monoclonal antibody given each week; 2W: Cytotoxic drug or monoclonal antibody given every 2 weeks; 3W: Cytotoxic drug or monoclonal antibody given
every 3 weeks; 5-FU: Fluorouracil; C: Cytotoxic drug given continuously orally; CAD: Coronary artery disease; CAH: Congenital adrenal hyperplasia; CHF: Congestive heart failure;
COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; ECOG PS: Eastern Cooperative Oncology Group performance status; F: Female; FOLFIRI: Folinic acid, fluorouracil
and irinotecan; FOLFOX: Folinic acid, fluorouracil and oxaliplatin; FUFA: Fluorouracil and folinic acid; FLOT4: fluorouracil plus leucovorin, oxaliplatin, and docetaxel; GBM: Glioblastoma
multiforme; G-CSF: Granulocyte colony-stimulating factor; HT: Hypertension; IO: Immunotherapy given every 2 weeks; M: Male; mFOLFIRINOX: Modified folinic acid, fluorouracil,
irinotecan and oxaliplatin; N: No; RCC: Renal cell carcinoma; TNM: Tumor, node, metastasis; XELOX: Capecitabine and oxaliplatin; Y: Yes.
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Table 3. Univariate analysis of serological response rate.
Seroconversion p-value

No Yes

Age (years), median (IQR) 75 (73–77) 72 (70–74) 0.031

Sex, n (%)

Male 10 (34.5) 19 (65.5) 0.760

Female 7 (38.9) 11 (61.1)

ECOG PS, n (%)

0 3 (33.3) 6 (66.7) 0.249

1 10 (31.3) 22 (68.8)

2 4 (66.7) 2 (33.3)

Comorbidity, n (%)

No 7 (50.0) 7 (50.0) 0.199

Yes 10 (30.3) 23 (69.7)

TNM stage, n (%)

II 1 (25.0) 3 (75.0) 0.767

III 3 (30.0) 7 (70.0)

IV 13 (39.4) 20 (60.6)

Treatment, n (%)

Palliative 13 (41.9) 13 (58.1) 0.252

Other 4 (25.0) 12 (75.0)

Treatment group, n (%)

1W 3 (42.9) 4 (57.1) NA

2W 7 (31.8) 15 (68.2)

3W 4 (57.1) 3 (42.9)

C 3 (50.0) 3 (50.0)

IO 0 (0) 2 (100)

Monoclonal AB only 0 (0) 3 (100)

G-CSF, n (%)

No 8 (26.7) 22 (73.3) 0.072

Yes 9 (52.9) 8 (47.1)

1W: Cytotoxic drug or monoclonal antibody given each week; 2W: Cytotoxic drug or monoclonal antibody given every 2 weeks; 3W: Cytotoxic drug or monoclonal antibody
given every 3 weeks; AB: Antibody; C: Cytotoxic drug given continuously orally; ECOG PS: Eastern Cooperative Oncology Group performance status; G-CSF: Granulocyte
colony-stimulating factor; IO: Immunotherapy given every 2 weeks; IQR: Interquartile range; NA: Not applicable; TNM: Tumor, node, metastasis.

Table 4. Multivariate analysis of serological response.
OR 95% CI p-value

Comorbidity 2.937 0.729–11.833 0.130

G-CSF 0.468 0.116–1.881 0.284

Age 0.830 0.693–0.994 0.043

G-CSF: Granulocyte colony-stimulating factor; OR: Odds ratio.

systemic therapy [15]. In the same study, it was stated that immunogenicity decreased independently of treatment
in patients with chronic lymphocytic leukemia. In another study evaluating 167 patients with chronic lymphocytic
leukemia, the immunogenicity rate was found to be 39.5% with the BNT162b2 mRNA COVID-19 vaccine [16]. In
a study by Massarweh et al. that included patients with solid organ tumors or hematological malignancies receiving
active systemic therapy, it was shown that the mean antibody level detected after vaccination (BNT162b2 mRNA)
was lower than that seen in healthy individuals [17].

In previous influenza vaccine studies, it has been shown that the immunogenicity rate may be lower in im-
munosuppressive patients compared with healthy individuals [9]. Adjuvant and high-dose vaccines are beneficial
for increasing immunogenicity in seasonal influenza vaccines in immunosuppressive patients. It was also shown in
a meta-analysis that the immunogenicity of the influenza vaccine was lower in cancer patients, who constituted

10.2217/fon-2021-0597 Future Oncol. (Epub ahead of print) future science group



CoronaVac in patients with cancer Research Article

Table 5. Local and systemic reactions after first and second vaccine doses.
First dose Second dose

Any grade Grade 1 Grade 2 Any grade Grade 1 Grade 2

Total, n (%) 9 (18.9) 7 (14.7) 2 (4.2) 11 (23.1) 8 (16.8) 3 (6.3)

Local reaction, n (%)

Pain at injection site 2 (4.2) 2 (4.2) 0 (0) 3 (6.3) 3 (6.3) 0 (0)

Swelling 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

Itchiness 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

Erythema 0 (0) 0 (0) 0 (0) 2 (4.2) 0 (0) 2 (4.2)

Systemic reaction, n (%)

Fever 1 (2.1) 1 (2.1) 0 (0) 1 (2.1) 1 (2.1) 0 (0)

Myalgia 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

Fatigue 2 (4.2) 0 2 (4.2) 5 (10.5) 4 (8.4) 1 (2.1)

Headache 1 (2.1) 1 (2.1) 0 (0) 0 (0) 0 (0) 0 (0)

the immunosuppressive group, compared with healthy individuals [9,18]. In the VACANSE study in which the
immunogenicity of the H1N1v vaccine was evaluated in patients with solid organ tumors receiving active systemic
treatment, it was reported that a single dose of the vaccine did not provide sufficient immunogenicity [10]. However,
the immunogenicity might have increased had the vaccine been administered in two doses. Similarly, the fact
that immunogenicity was lower in the authors’ study compared with studies using healthy individuals raised the
question of whether administration of a booster CoronaVac vaccine dose may increase the immunogenicity rates;
this needs further clinical trials.

With aging, many molecular changes – called immunosenescence – occur in the immune system [19]. This
dysregulation in the elderly immune system causes a decrease in the immune response obtained with vaccines.
Considering that advanced age is a significant risk factor for COVID-19 morbidity and mortality, elderly patients
have been given priority for vaccination against COVID-19 in many countries, including the authors’ [20]. One of
the concerns in the vaccination of elderly patients is immunogenicity sufficiency. The CoronaVac phase I and II
trial, which was conducted with elderly volunteers, showed that the vaccine developed an immunogenicity profile
comparable to that seen with young adults, without any serious adverse events [7]. The authors’ study showed that
the only independent factor affecting immunogenicity in multivariate analysis was age (p = 0.043). As mentioned,
immunogenicity decreases with increasing age. This point might have also contributed to the lower immunogenicity
rate seen with the CoronaVac vaccine in the authors’ elderly cancer patients on active cancer treatment.

In the authors’ study, the cumulative rate of possible vaccine-related side effects observed after two doses of the
CoronaVac vaccine was 32%. Toxicity rates were reported to be 33 and 20% in the 3-μg cohorts of the Phase I
and II CoronaVac trials, which were conducted with younger and elderly healthy volunteers, respectively [6,7]. The
fatigue rate in the authors’ study was higher than that seen in other CoronaVac trials (14.7 vs <10 and 3%). The
higher fatigue rate in the authors’ patients might have been related to cancer diagnosis and its active treatment
during vaccination. Similar to the CoronaVac Phase I and II trials, no serious vaccine-related adverse events were
observed in the authors’ study.

Some researchers have hypothesized that the vaccine could hypothetically lead to an exaggerated immune response
in immunotherapy recipients [21]. However, in a study evaluating short-term safety in 134 patients who received
immunotherapy and the BNT162b2 mRNA COVID-19 vaccine, it was reported that there was no increase in
immunotherapy-related immune side effects [22]. In the authors’ study, only two patients received imunotherapy,
and they did not experience any side effects. The median interval between the vaccine and the start of the previous
immunotherapy cycle was 7 days in both patients.

This study did not have a validation cohort, which was a strong limitation. The study population also consisted of
elderly patients, which was another limitation. Lower immunogenicity rate in the geriatric population irrespective of
vaccination is a well-known finding, so it should be kept in mind that the study results do not reflect immunogenicity
with vaccination in young cancer patients receiving active systemic therapy. It is a fact that the development of
immunogenicity alone does not mean absolute protection from COVID-19 infection. Despite a median follow-up
period of 85 days, the authors note that this is not long enough to comment on whether the vaccine has a long-
term protective effect against COVID-19 infection. Another limitation was that cellular immunity, which has a
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preventive effect against COVID-19 infection, was not evaluated in this study. Comorbidities and active cancer
treatment modalities might be confounding factors in the evaluation of ‘real’ vaccine-related side effects. Therefore,
it has been stated that the side effects were ‘probably’ related to the vaccine. The low number of patients and
absence of a control group are another limitation of the study. Despite these limitations, to the best of the authors’
knowledge, this study was the first to evaluate the efficacy and safety of the CoronaVac vaccine in cancer patients
undergoing active systemic cancer treatment with chemotherapy, monoclonal antibody or immunotherapy.

Conclusion
Immunogenicity developed with two doses of the CoronaVac vaccine (3 μg/day days 0 and 28) in more than half
of the patients with solid organ tumors undergoing active systemic cytotoxic chemotherapy.

Future Perspective
The fact that vaccination rates do not reach the targeted levels worldwide and virus mutations show that our fight
against COVID-19 will continue in the coming years. There is a need for studies investigating more effective
vaccination programs in cancer patients receiving active systemic therapy.

Summary points

• This prospective observational multicenter study was conducted with 47 patients with solid organ tumors
receiving active systemic therapy to evaluate the immunogenicity and safety of the CoronaVac vaccine in patients
with solid organ tumors receiving active systemic therapy (cytotoxic chemotherapy, monoclonal antibody,
immunotherapy).

• Evaluation of vaccine immunogenicity was the primary outcome of the study; the secondary outcome was
determining the vaccine’s safety.

• The median patient age was 73 (range: 64–80), and 61.7% were male. Immunogenicity developed in 25 (59.5%)
of 42 patients who received at least one cytotoxic drug and in all patients (n = 5) who received monoclonal
antibody or immunotherapy alone.

• In univariate analysis, patients who had immunogenicity were younger, with a median age of 72 years (p = 0.031),
whereas the median age of those who had no seroconversion was 75 years.

• Immunogenicity developed in 47.1% of those who were administered granulocyte colony-stimulating factor and
73.3% of those who were not administered granulocyte colony-stimulating factor (p = 0.072).

• In multivariate analysis, the only independent predictive factor affecting immunogenicity was patient age (odds
ratio: 0.830; 95% CI: 0.693–0.994; p = 0.043).

• After the first and second doses of the vaccine, side effect rates of any grade were 18.9 and 23.1%, respectively,
and there were no serious (grade 3 or 4) side effects or toxic deaths.

• Immunogenicity developed with two doses of the CoronaVac vaccine (3 μg/day days 0 and 28) in more than half
of the patients with solid organ tumors undergoing active systemic cytotoxic chemotherapy.
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Hatice Yiğit, Zeynep Sipahi Karslı, Ayşe Ocak Duran.
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11. Sümbül AT, Yalçın Ş, Özet A et al. Turkish Medical Oncology Society COVID-19 pandemic advisory board updated recommendations
for medical oncologists: included vaccination. J. Oncol. Sci. 7(1), 1–6 (2021).

12. European Society for Medical Oncology. ESMO statements for vaccination against COVID-19 in patients with cancer (2021).
www.esmo.org/covid-19-and-cancer/covid-19-vaccination

13. Siemens Healthcare Diagnostics Atellica IM SARS-CoV-2 total (COV2T) ELISA assay for the detection of total antibodies to
SARS-CoV-2. https://www.fda.gov/media/138442/download

14. Seyahi E, Bakhdiyarli G, Oztas M et al. Antibody response to inactivated COVID-19 vaccine (CoronaVac) in immune-mediated
diseases: a controlled study among hospital workers and elderly. Rheumatol. Int. 41(8), 1429–1440 (2021).

•• Discusses the immunogenicity of CoronaVac in patients with rheumatological disease receiving immunomodulator drugs.

15. Agha M, Blake M, Chilleo C, Wells A, Haidar G. Suboptimal response to COVID-19 mRNA vaccines in hematologic malignancies
patients. medRxiv doi:10.1101/2021.04.06.21254949 (2021) (Epub ahead of print).

•• Discusses the immunogenicity of mRNA vaccines in cancer patients.

16. Herishanu Y, Avivi I, Aharon A et al. Efficacy of the BNT162b2 mRNA COVID-19 vaccine in patients with chronic lymphocytic
leukemia. Blood 137(23), 3165–3173 (2021).

•• Discusses the immunogenicity of mRNA vaccines in cancer patients.

17. Massarweh A, Eliakim-Raz N, Stemmer A et al. Evaluation of seropositivity following BNT162b2 messenger RNA vaccination for
SARS-CoV-2 in patients undergoing treatment for cancer. JAMA Oncol. doi:10.1001/jamaoncol.2021.2155 (2021) (Epub ahead of
print).

•• Discusses the immunogenicity of mRNA vaccines in cancer patients.

18. Bitterman R, Eliakim-Raz N, Vinograd I, Trestioreanu AZ, Leibovici L, Paul M. Influenza vaccines in immunosuppressed adults with
cancer. Cochrane Database Syst. Rev. 2(2), CD008983 (2018).

future science group 10.2217/fon-2021-0597

https://www.covid19.who.int/
https://www.esmo.org/covid-19-and-cancer/covid-19-vaccination
https://www.fda.gov/media/138442/download


Research Article Karacin, Eren, Zeynelgil et al.

19. Ikeda H, Togashi Y. Aging, cancer, and antitumor immunity. Int. J. Clin. Oncol. doi:10.1007/s10147-021-01913-z (2021) (Epub ahead
of print).

20. Sprengholz P, Korn L, Eitze S, Betsch C. Allocation of COVID-19 vaccination: when public prioritisation preferences differ from official
regulations. J. Med. Ethics. doi:10.1136/medethics-2021-107339 (2021) (Epub ahead of print).

21. Abid MB. Overlap of immunotherapy-related pneumonitis and COVID-19 pneumonia: diagnostic and vaccine considerations. J.
Immunother. Cancer 9(4), e002307 (2021).

22. Waissengrin B, Agbarya A, Safadi E, Padova H, Wolf I. Short-term safety of the BNT162b2 mRNA COVID-19 vaccine in patients with
cancer treated with immune checkpoint inhibitors. Lancet Oncol. 22(5), 581–583 (2021).

10.2217/fon-2021-0597 Future Oncol. (Epub ahead of print) future science group



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


