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Hematologic patients show lower responses to SARS-CoV-2 vaccines, but predictors of seroconversion are lacking. In this prospective cohort study, hematologic patients undergoing SARS-CoV-2 mRNA vaccination at a single center in Milan, Italy, were sampled for anti-Spike and anti-Nucleocapsid IgG titer at 5 ± 1 weeks and at 3 months from the second vaccine dose. Patients (N = 393) received either BNT162b2 (Pfizer-BioNTech, 48%) or MRNA-1273 (Moderna, 52%), and 284 (72%) seroconverted and 100% persisted at 3 months. Non-response was higher in chronic lymphocytic leukemia (CLL) and lymphoma patients, and in those treated with small molecules and monoclonal antibodies. In myeloid neoplasms, lower responses were detected in patients with acute myeloid leukemia treated with venetoclax plus hypomethylating agents and in patients with myelofibrosis receiving ruxolitinib. Multivariable analysis showed that seroconversion was favorably associated with a diagnosis other than indolent lymphoma/CLL [OR 8.5 (95% CI 4.1–17.6)], lack of B-cell-depleting therapy [OR 3.15 (1.7–5.9)], and IgG levels within the normal range [OR 2.2 (1.2–4.2)]. We developed a simple algorithm according to these 3 risk factors [(A) diagnosis of indolent lymphoma/CLL, (B) B-cell-depleting treatment, and (C) low IgG] to predict non-response. IgG levels and treatment may be modifiable risk factors and should be considered for timing of vaccine administration.




Keywords: myeloproliferative disorders, lymphoma, chronic lymphocytic leukemia, acute leukemia, multiple myeloma, COVID-19, SARS-CoV-2 vaccine



Highlights

1. Lower seroconversion was predicted by the presence of lymphoproliferative disease, B-cell-depleting treatment, or hypogammaglobulinemia.

2. Allowing time from monoclonal antibody infusion, holding on with small molecules, and waiting for IgG recovery may optimize seroconversion.



Introduction

There is increasing concern about the efficacy of SARS-CoV-2 vaccines in fragile patients, including hematologic ones that have been recently reported to respond less to mRNA vaccines (1–3). While some reports described the association between non-response and diagnosis of indolent non-Hodgkin lymphomas (NHLs), both therapy-naïve and those treated with B-cell-depleting therapies (4, 5), data are less clear for myeloid diseases and patients with non-oncological hematologic conditions (6). Furthermore, no routine laboratory predictors of seroconversion after SARS-CoV-2 vaccine have been reported. In this study, we prospectively evaluated the rate of seroconversion after mRNA SARS-CoV-2 vaccines in hematologic patients undergoing vaccination at a single center in Milan, Italy. Patients were selected according to frailty criteria, including those on recent/ongoing treatment with potentially immunosuppressive drugs, stem cell-transplanted patients, or those who are candidates for immunosuppressive therapy. Anti-Spike persistence was also evaluated after 3 months from the last vaccine dose. We focused on clinical and laboratory risk factors for lower seroconversion, both non-modifiable and modifiable, and developed a simple algorithm to aid the clinician in choosing the timing of vaccination.



Methods


Study Design and Patient Selection

In this study, we prospectively evaluated hematologic patients undergoing SARS-CoV-2 mRNA vaccination from March until June 2021 at a single center in Milan, Italy. Patients were selected and prioritized for vaccination as per indications of the Italian Ministry of Health according to the following criteria: ongoing treatment with potentially immunosuppressive drug, recent chemo-immunotherapy (<6 months), stem cell transplant (SCT) within the last 12 months, and indication to receive immunosuppressive therapy in the next month (7). The study was conducted in accordance with the Declaration of Helsinki, and patients gave informed consent.



Experimental Procedures

Patients were sampled and tested for anti-Spike and anti-Nucleocapsid IgG titer at 5 + 1 weeks from the second vaccine dose. Subsequently, positive cases were re-tested at 3 months from the last vaccine dose to assess the persistence of anti-Spike antibodies and/or the development of anti-Nucleocapsid antibodies as a sign of breakthrough COVID-19 infection.

To evaluate seroconversion, the tests Elecsys® Anti-SARS-CoV-2 S and Elecsys® Anti-SARS-CoV-2 were used [Elecsys® Anti-SARS-CoV-2 S. Package Insert 2020-09, V1.0; Material Numbers 09289267190 and 09289275190]. These are immunoassays that use a recombinant protein representing the receptor binding domain (RBD) of the SARS-CoV-2 spike protein (S) or the nucleocapsid (N) antigen in a double-antigen sandwich assay format, which favors detection of high-affinity antibodies against SARS-CoV-2 S or N. The tests detect antibody titers, which have been shown to positively correlate with neutralizing antibodies in neutralization assays (8, 9). The positive cutoff of the test is a titer of 0.8 U/ml, and titers may then be converted 1:1 into binding antibody unit (BAU/ml) as per recently published WHO guidelines (10, 11).



Statistical Analysis

For statistical analysis, we used Wilcoxon rank-sum and chi-squared test to compare categorical and quantitative variables, respectively. We calculated seroconversion proportions and 95% confidence intervals (CIs) using the Agresti–Coull formula. Odds ratios (OR) of seroconversion were calculated by a multivariable logistic regression model containing variables of a priori clinical interest. The area under the curve (AUC) from a receiver operating characteristic (ROC) curve was then calculated. Based on logistic model results, we calculated the predicted probability of vaccine response and developed a simple algorithm according to these 3 risk factors [(A) diagnosis of indolent lymphoma/CLL, (B) B-cell-depleting treatment, and (C) low IgG]. To analyze anti-Spike levels at 1 and 3 months, we used univariate and linear regression on log-transformed variables. Statistical analyses were performed with Stata 17 (StataCorp. 2021).




Results


Baseline Features

We enrolled 393 patients (male/female ratio, 1.07; median age, 68 years; range, 18–95) with the following diagnoses: 43 acute leukemias (31 myeloblastic, AML, and 12 lymphoblastic, ALL), 80 lymphomas (11 HL, 35 indolent NHL, and 34 aggressive NHL), 28 chronic lymphocytic leukemia (CLL), 13 myelodysplastic syndromes (MDSs), 103 myeloproliferative neoplasms (MPNs; 34 chronic myeloid leukemia, 24 myelofibrosis, 23 polycythemia rubra vera, 6 essential thrombocythemia, and 14 unclassifiable or MDS/MPN), 110 plasma cell dyscrasias (PCD) (107 multiple myeloma and 3 amyloidosis), and 16 non-oncological hematologic conditions (5 autoimmune cytopenias, 7 paroxysmal nocturnal hemoglobinuria, and 3 cold agglutinin diseases). Overall, 78% of patients were on active treatment, 9% had received recent chemo-immunotherapy, 6% SCT within the last 12 months, and 7% were candidates to receive therapy in the next month. Regarding disease status, 71% of subjects were in response on therapy, 13% subjects were in response off treatment, 8% in non-response, and 7% had active disease. Patients received either BNT162b2 (Pfizer-BioNTech, 48%) or MRNA-1273 (Moderna, 52%) vaccine, and 284 (72%) mounted an IgG anti-Spike titer >0.8 U/ml (the cutoff of our laboratory, converted 1:1 to BAU/ml). As shown in Table 1, responsive patients were younger than non-responders (p = 0.04) and displayed higher levels of lymphocytes (p = 0.001) and neutrophils (p = 0.04; patients with lymphocytes >5 × 109/L and/or neutrophils >6.5 × 109/L were excluded). Moreover, patients that seroconverted displayed greater values of IgG (p = 0.002) and IgA (p = 0.03); this was confirmed even after removing PCD from the analysis (p < 0.0001 for both).


Table 1 | Laboratory features of patients divided according to positivity or negativity of anti-Spike IgG antibodies.





Predictors of Seroconversion

Figure 1 shows the frequency of seroconversion according to clinical characteristics. Regarding hematologic diagnosis, the highest proportion of non-responders was observed in CLL and lymphoma patients (71% and 60%, respectively) as compared to <30% for other diseases (p < 0.001) (Figure 1).




Figure 1 | Frequency of seroconversion for anti-Spike antibodies according to disease type, inclusion criteria for vaccination, ongoing treatment, disease status, transplant, and previous COVID-19 infection. In details, *acute myeloid leukemia, N = 31, seroconverted in 71% of cases; acute lymphoblastic leukemia, N = 12, in 83%. **Hodgkin lymphomas, N = 11, seroconverted in 80% of cases; aggressive non-Hodgkin lymphomas, N = 34, in 48% of cases; and indolent NHL, N = 35, in 20% of cases. *** Chronic myeloid leukemias, N = 36, seroconverted in 100% of cases; primary myelofibrosis, N = 24, in 67% of cases; polycythemia vera, N = 23, in 91%; essential thrombocythemia, N = 6, in 100%; and unclassifiable myeloproliferative neoplasms, N = 14, in 100%. AL, acute leukemia, CLL, chronic lymphocytic leukemia, IMIDs, immunomodulating agents, MDS, myelodysplastic syndrome, MoAb, monoclonal antibodies, MPN, myeloproliferative neoplasms, PCD, plasma cell dyscrasias, TKI, tyrosine kinase inhibitors.




- Lymphoid and Plasma Cell Diseases and Their Treatments

Among lymphomas, indolent NHL displayed the lowest frequency of seroconversion (20%), followed by aggressive NHL (48%), while HL seroconverted in 80% of cases. Treatment status had a significant impact (p < 0.001), with a lower rate of seroconversion (<50%) in patients on active therapy with small molecules for NHL and CLL (ibrutinib, idelalisib, and venetoclax, p < 0.001) and monoclonal antibodies (MoAbs; rituximab, obinutuzumab, brentuximab, daratumumab, elotuzumab, and belantamab) alone (p = 0.04) or in combination with chemotherapy (p < 0.0001). Finally, ALL patients seroconverted in 83% of cases.



- Myeloid Neoplasms and Their Treatments

Regarding myeloid neoplasms, seroconversion was observed in about 70% of cases, clearly better than in lymphoid diseases. However, lower responses were detected in particular settings including AML treated with venetoclax in combination with hypomethylating agents (HMA, 33% versus 88% in HMA alone, p < 0.01) and in primary myelofibrosis (67% versus >90% in other MPNs, p = 0.001) and in those treated with ruxolitinib (75% versus 98% with other TKIs, p = 0.001).



- Benign Conditions and Their Treatments

Regarding patients with a benign condition, 14/16 (88%) mounted anti-Spike IgG response to vaccine. This group included 10 patients on complement inhibitors: 7 paroxysmal nocturnal hemoglobinuria on C5 inhibitor eculizumab/ravulizumab (N = 6) or on oral factor B inhibitor (N = 1), and 3 cold agglutinin disease on C1s inhibitor sutimlimab. The 2 non-responders were patients with Evans syndrome (association of autoimmune hemolytic anemia and/or immune thrombocytopenia and/or neutropenia) who were on active treatment with immunosuppressive agents (steroids and rituximab).



- Other Predictors of Seroconversion

Regarding disease status, no important variation of seroconversion proportions was observed (p = 0.55), but in all disease groups (lymphoid, myeloid, and benign forms), patients in response off therapy developed higher median anti-Spike IgG levels compared to the other categories (1500 U/ml, 15–7,500 versus 780 U/ml, 0.8–12,500, p = 0.03). As expected, previous COVID-19 infection was associated with a higher frequency of seroconversion (p = 0.02) and higher median anti-Spike titers (5,850 U/ml, 24–12,500 versus 1,753 U/ml, 0.8–12,500, p < 0.001). Twenty-eight out of 393 patients (7%) had positive anti-Nucleocapsid antibodies, half of them reported a previous COVID-19 infections, and almost all seroconverted for anti-Spike. Finally, gender, inclusion criteria, and number of previous therapies did not seem to affect response to vaccine.




Development of an Algorithm to Predict Seroconversion

In order to assess predictors of seroconversion, we performed multivariate logistic regression analysis: a diagnosis other than indolent lymphoma or CLL [odds ratio (OR) 8.5 (95% confidence interval, CI 4.1–17.6), p < 0.0001], lack of B-cell-depleting therapy (either small molecules or MoAbs) [OR 3.15 (1.7–5.9), p < 0.0001], and the presence of IgG levels higher than the lower limit of normality (700 mg/dl) [OR 2.2 (1.2-4.2), p = 0.01] were the only associated variables [AUC = 0.82 (95% CI 0.77–0.87)]. Based on logistic regression results, we calculated the predicted probability of vaccine response and developed a simple algorithm according to these 3 risk factors [(A) diagnosis of indolent lymphoma/CLL, (B) B-cell-depleting treatment, and (C) low IgG, Table 2]. The lowest response (11%) was predicted by the presence of all three risk factors, a low/intermediate one by risk factors A+B (22%) or A+C (29%), and an intermediate response by A alone (48%) or B+C (52%). Good responses were anticipated by the presence of risk factor B or C alone (71% and 77%, respectively) and the absence of any risk factor (89%). There was fair agreement between predicted and observed proportions (p = 0.57 from Hosmer–Lemeshow goodness-of-fit test).


Table 2 | Predicted and observed proportions of SARS-CoV-2 anti-Spike seroconversion according to hematologic diagnosis, therapy, and immunoglobulin G (IgG) levels.





Persistence of Anti-Spike Antibodies and Breakthrough SARS-CoV-2 Infections

Table 3 shows the clinical features of patients re-tested for anti-Spike antibodies at 3 months from the last SARS-CoV-2 vaccine dose (N = 140, 36%). Overall, all patients who were positive at initial evaluation maintained anti-Spike IgG positivity at 3 months, although with a 37% decline of median titers (488 U/ml at 3 months versus 786 U/ml at first test). By comparing anti-Spike IgG titers at 3 months versus baseline, 2 patients displayed the same anti-Spike IgG titer, while 91 (65%) showed declining titers and 47 (34%) showed increasing ones. Patients with increasing titers had significantly higher neutrophils at baseline as compared with those with declining anti-Spike antibodies [3.5 × 109/L (0.3–26) versus 2.7 × 109/L (0.1–17), p = 0.01]. Interestingly, 2/5 patients on TKI for indolent lymphoma, and 3/3 patients on treatment with venetoclax plus hypomethylating agents increased their anti-Spike titer from baseline (median delta 273 U/ml, range 113–825). By multivariable regression analysis, no significant associations were noted among anti-Spike titer trends (increasing/decreasing) and disease types, inclusion criteria for vaccination, disease status, ongoing therapy, and recent transplant. Only patients with previous COVID-19 infection had a significantly higher increase of anti-Spike Ig titers from baseline as compared to the others [median delta 7,455 (23–12,500) U/ml versus 666 (0.8–12,500), p = 0.001].


Table 3 | Clinical features of patients re-tested for anti-Spike antibodies at 3 months from the last SARS-CoV-2 vaccine dose, altogether and divided according to the trend of titers from baseline.



Finally, 3 patients (2 acute leukemias, one subjected to SCT and one to recent chemotherapy, and 1 diffuse large B-cell lymphoma recently treated with chemotherapy and rituximab) who were previously negative for anti-Nucleocapsid antibodies seroconverted, indicating a likely breakthrough COVID-19 infection although asymptomatic in all of them.




Discussion

Our results show that the rate of seroconversion to mRNA SARS-CoV-2 vaccines (72%) is lower in patients with hematologic diseases as compared to the healthy population (1–3). This response also appears to be clearly lower than that observed at our center in 3,475 healthcare workers, where only 0.2% had undetectable anti-Spike (12). This finding is in keeping with other reports (1–3) and underlines the importance of maintaining high levels of protective measures in this fragile population. Importantly, disease status and previous therapy lines, including SCT, should not discourage vaccination, since they did not affect seroconversion. Our analysis clearly showed that patients with lymphomas (particularly those with indolent NHL) and CLL have an intrinsic lower response to mRNA vaccine (50% unresponsive) that increases to 70% if another risk factor (B-cell-depleting treatment or hypogammaglobulinemia) is present, and to 89% if both coexist. While disease is a non-modifiable risk factor, Ig levels and treatment may vary overtime and may thus be considered for timing of vaccine administration. In particular, it may be considered to allow enough time (>6 months) from the last MoAb infusion and to hold on with small molecules if clinically feasible (i.e., subjects in long-term remission). This is also valid for multiple myeloma and myeloid malignancies, which generally responded better to m-RNA SARS-CoV-2 vaccine but showed lower rates of seroconversion in the case of MoAb therapy for multiple myeloma, venetoclax plus HMA for AML, and ruxolitinib for MPN. Furthermore, individual immunologic status should be assessed (lymphocyte and neutrophil values, IgG, IgA, and IgM levels), and it may be considered that patients should wait for immune reconstitution, particularly IgG recovery, before vaccination. As regards the persistence of anti-Spike titers, it was 100% in the subgroup of patients re-tested at 3 months from the last vaccine dose, irrespective of disease type, progression status, and treatment. Our findings differ from those by Tadmor et al. who described anti-Spike persistence in 73% of CLL patients only (13). Intriguingly, in our study, anti-Spike titer increased from baseline in more than one-third of subjects, particularly in those with previous COVID-19 infection and with higher neutrophils, possibly in keeping with a more preserved hematopoiesis. Increasing titers were noted even in 50% of patients receiving small molecules for indolent lymphomas and in all AML patients on venetoclax, indicating that once obtained, seroconversion persists even in this at-risk population. Finally, the 3 patients who developed breakthrough anti-Nucleocapsid positivity, indicative of SARS-CoV-2 infection, were all asymptomatic, underlining the importance of vaccinating subjects with hematologic diseases.

Even if our study carries several limitations, particularly regarding the heterogeneity of the diseases included and related treatments, we believe that it provides a cross-section analysis of a large hematologic series vaccinated in a real-world setting. Future investigations may further validate and enrich our algorithm by optimizing vaccine strategies for COVID-19 as well as for other infectious agents.

In conclusion, our data show that about 70% of hematologic patients respond to SARS-CoV-2 mRNA vaccines with anti-Spike titer persistence in 100% of responders at 3 months. Along with non-modifiable risk factors for non-response (i.e., diagnosis of indolent lymphoma or CLL), the efficacy of SARS-CoV-2 vaccination may be influenced by recent/ongoing therapies and by the immunologic status of the patient as measured by Ig levels. This suggests allowing enough time from the last MoAb infusion, holding on with small molecules if clinically feasible, and waiting for IgG recovery before vaccination.
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OEBPS/Images/table1.jpg
Negative (n = 109)

Positive (n = 284) P
Age, years 69 (20-89) 67 (18-95) 0.04
lgG mg/d, all patients 615 (45-4,643) 889 (111-4,189) 0.002
IgG mg/dl, excluded PCD 655 (211-2,015) 995 (132-2,132) 0.0001
lgA mg/dl, all patients 68 (3-323) 98 (0-4,446) 0.03
lgA mg/d, excluded PCD 77 (3-323) 119 (0-502) 0.0001
Lymphocytes x10%/L 0.97 (0.22-4.8) 1.47 (0.28-4.5) 0.001
Neutrophils x10%/L 2.5 (0.08-6.46) 2.73 (0-833-6.2) 0.04

PCD, plasma cell dyscrasia.
Values are given as median (range).





