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Abstract

Patients with Waldenstréom macroglobulinaemia (WM) are at increased risk of severe
COVID-19 infection and have poor immune responses to COVID-19 vaccination.
This study assessed whether a closely monitored pause in Bruton’s Tyrosine Kinase
inhibitor (BTKi) therapy might result in an improved humoral response to a 3rd COVID-
19 vaccine dose. Improved response was observed in WM patients who paused their
BTKi, compared to a group who did not pause their BTKi. However, the response was
attenuated after BTKi recommencement. This data contributes to our understand-
ing of vaccination strategies in this patient group and may help inform consensus

approaches in the future.
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1 | INTRODUCTION

Patients with indolent lymphoma are at increased risk of severe
COVID-19 disease [1]. Waldenstréom macroglobulinaemia (WM) is a
rare type of non-Hodgkin’s lymphoma characterised by malignant
proliferation of lymphoplasmacytoid cells and monoclonal IgM secre-
tion [2]. Patients with WM are at increased risk of SARS-CoV-2
infection due to underlying disease features and treatment related
immunosuppression [3].

Bruton’s Tyrosine Kinase inhibitors (BTKi) are utilised in the treat-
ment of haematological malignancies including WM. These drugs
irreversibly bind the BTK protein, impairing the B cell receptor sig-
nalling pathway and have a short therapeutic half-life [4]. It has been
previously demonstrated that patients on BTKi therapy have reduced
immunological responses to vaccination [5, 6]. Several recent stud-
ies have shown poor response to COVID-19 vaccination in patients
treated with BTKi for chronic lymphocytic leukaemia [7, 8]. We pre-
viously reported poor generation of anti-spike IgG antibodies and low
levels of live virus neutralisation in a prospective study of two doses of
an mRNA COVID-19 vaccine in patients with WM on BTKi therapy [9].
However, COVID-specific T cell responses were preserved [9]. These
findings have been confirmed in other studies [10, 11].

Since our cohort was recruited, a 3rd COVID-19 vaccine was recom-
mended to complete primary vaccination and provided further oppor-
tunity to assess, and potentially improve, vaccine immunogenicity. We
hypothesised that a short pause in BTKi therapy might eventuate in a
period of time where the patient’s response to COVID-19 vaccination
could be enhanced.

2 | MATERIALS AND METHODS

The prospective TReatment Interruption of BTKi to Enhance COVID-
19 Antibody response (TRIBECA) study was designed to assess anti-
Spike IgG and virus neutralization responses to a 3rd COVID-19
vaccine dose in patients with WM willing to undergo a monitored pause
in their BTKi therapy (N = 9) prior to and after the 3rd dose. The
patients were originally recruited to a larger parent study commenc-
ing in 2021, which examined initial immune response to the first two
CQOVID-19 vaccine doses. They were given information on the risks
and benefits of pausing BTKi therapy and were subsequently given the
option of participating in TRIBECA. We compared their response to
WM patients in the parent study remaining on continuous BTKi (N = 8).
Patients with prior COVID-19 infection were not excluded. The study
was approved by the Sydney Local Health District Human Research
Ethics Committee and all subjects provided written informed consent
prior to participation.

Immune response was measured prior to and up to 28 days after a
3rd vaccine dose, administered between October 2021 and February
2022. Immune response was also measured, in BTKi pause participants,
up to 77 days after resuming BTKi. Humoral response to spike was
measured by mean fluorescence intensity (MFI) of anti-SARS-CoV-2
spike antibodies (ASAb), obtained using a high-sensitivity flow cytom-

etry cell assay, and live virus neutralization to a panel of SARS-CoV-2
variants of concern[12, 13].

Patients in the TRIBECA study paused their BTKi 3-4 days prior to
the 3rd vaccine dose and recommenced therapy at a median of 24 days
(range 18-31 days) afterwards, depending on their willingness and
tolerance of treatment interruption. Patients were closely monitored
during the BTKi pause with weekly clinical assessments for symptoms
of disease progression as well as measurement of full blood count and
IgM.

Statistical analysis of median MFI and virus neutralisation was per-
formed using the non-parametric Mann-Whitney test as well as one
way ANOVA test. Prism software was used (Graphpad, San Diego,
USA). A p value <0.05 was considered statistically significant.

3 | RESULTS

The median age in the BTKi pause group was 73 years, and six of nine
were male. In the non-pause group, median age was 71 years, and
seven of eight were male. In the BTKi pause group, six of nine were
on zanubrutinib and three of nine on ibrutinib. In the non-pause group,
five of eight were on zanubrutinib, and three of eight were on ibrutinib.
All received mRNA based COVID-19 vaccines (either mMRNA-1273 or
BNT162b2). One patient in the BTKi pause group died of urosepsis one
month after recommencing BTKi.

Median haemoglobin in the BTKi pause group prior to cessation was
131 g/L (range 118-157), dropping to a median of 124 g/L (range 108-
144) at the time of BTKi recommencement and returning to 127 g/L
(range 116-150) one month post recommencement. Median IgM prior
to BTKi pause was 4.3 g/L (range 2.8-27.6) and rose to a median of
19.9 g/L (range 9.9-40.3) at time of recommencement with a fall to
12.8 g/L (range 2.7-36.1) one month post recommencement. IgM lev-
els continued to fall over subsequent months in all nine patients (data
not shown).

ASAb median MFI pre 3rd dose in the BTKi pause group was
12878 (range 320—72,985) with a significant increase to 79,688 (range
2356—249,418) at time of BTKi recommencement 25 days (range
13-28) post 3rd dose (p = 0.04) (Figure 1A). In the WM patients on
continuous BTKi, the median MFI pre 3rd dose of 17243 (range 206—
31,972) was not significantly different to the median MFI 28 days
(range 21-40) post 3rd dose of 30033 (range 125—246,899) (0 =0.57).
(Figure 1C).

Seven patients in the BTKi pause group had a repeat ASAb response
measured up to 77 days after BTKi recommencement and at this time
the median MFI fell to 69810 (range 3109 —177,290) (Figure 1B). One
patient in this group acquired a COVID-19 infection between recom-
mencing BTKi and having their post BTKi recommencement MFI mea-
sured. Another patient had clinical symptoms suspicious of COVID-19
infection, although no positive COVID-19 test result was recorded.

BTKi treatment interruption was associated with significant
improvement in neutralization to early clade and improvement
(albeit non-significant) to delta SARS-CoV-2 variant. One month after

BTKi recommencement, a non-significant decline was observed in
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(A) Anti-spike IgG response on pre and post 3rd dose
during pause in BTKi treatment
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(B) Anti-spike IgG response on post 3rd dose on pause and
resuming in BTKi treatment
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FIGURE 1 Comparison of anti-spike 1gG responses within groups using Mann-Whitney test. (A) Significant rise in median mean fluorescence
intensity (MFI) in Bruton’s Tyrosine Kinase inhibitor (BTKi) pause group following 3rd vaccine dose (p = 0.04). Red dots represent a patient who

acquired COVID infection during the study period. Green line represents antibody positivity cutoff. (B) Non-significant fall in median MFI in BTKi
pause group following resumption of BTKi (p = 0.90) (C) Median MFI in non BTKi pause group did not significantly rise after the 3rd vaccine dose

(p=0.57).

neutralization to early clade and delta variant (Figure 2A-D). One way
ANOVA was also used to compare differences in virus neutralisation
across all three time points, and this produced statistically significant
results for both early clade (p = 0.0035) and delta variants (p = 0.0048).
Virus neutralization was not as pronounced in the non BTKi pause
patients with only three patients having an improvement to neu-
tralization to early clade and two patients having improvement in
neutralization to delta at one month post vaccination (Figure 2E,F).

4 | DISCUSSION

Our study demonstrates that patients with WM who paused their BTKi
therapy prior to and following 3rd dose of a COVID-19 vaccine for a
limited period of time showed a transiently improved humoral immune
response. Patients who did not pause their BTKi did not achieve
any improvement in their immune response. The improved humoral
response in BTKi pause patients was partially reduced following BTKi
re-introduction, although there was persistence of neutralization to
the early clade variant. Our ongoing work will determine the T cell

responses in these groups.

In regards to safety, while there were the expected haemoglobin
declines and IgM rises during BTKi cessation, no patient experienced
symptomatic progression of their WM whilst off their BTKi, and
the BTKi was promptly recommenced with subsequent biochemical
improvement.

We acknowledge the limitations of this study including the rela-
tively small patient numbers, heterogeneity in the patient population
recruited and minor variation in pause duration. Additionally, the
occurrence of COVID-19 infection in some participants and the impact
on subsequent immune response measurement needs to be taken into
account.

Despite these limitations, this study charts an improvement in
humoral response to COVID vaccination after a pause in BTKi therapy.
While it may be reasonable to administer booster vaccination dur-
ing scheduled BTKi pauses for other reasons, such as elective surgery,
the declining humoral response on recommencement of BTKi in most
patients suggests this may not be a worthwhile strategy to pursue
a sustained immune response. Additionally, control of the patient’s
underlying haematological malignancy needs to be ensured as some
studies have shown an increased risk of progressive disease associated

with pauses in therapy [14].
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Neutralization against D614G variant post 3rd dose during
pause in BTKI treatment
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Neutralization against D614G variant on BTKi pause

and after resuming treatment
(B) w0 e
.g 3004 —_—
-+ =
% 100 o, 3,

Al ]
Post 3rd dose (pause) B3 (back on treatment)
Timepoints

Neutralization against Delta variant on BTKi pause

(D)

and after resuming treatment
200+ ns
2 I
§ 150 v
B
8 1004
] .
g “- — .
° A
Post 3rd dose (pause) B3 (back on treatment)
Timepoints

Neutralization against Delta variant on continous BTKI treatment
600+

(F)

2004
——
oo

0 Leoe +
Pro 3rd dosa  Post 3rd dose

Timepoints

FIGURE 2 Comparison of virus neutralization (VN) results using Mann-Whitney test. (A) Significant increase in VN to D614G in Bruton’s
Tyrosine Kinase inhibitor (BTKi) pause group following 3rd vaccine dose (p < 0.05). (B) Non-significant fall in VN to D614G after BTKi resumption
(p =0.32) (C) Non-significant increase in VN to delta in BTKi pause group following 3rd vaccine dose (p = 0.06). (D) Non-significant fall in VN to
delta after BTKi resumption (p = 0.07). (E) Non-significant rise in VN to D614G in continuous BTKi group (p = 0.08) (F) Non-significant rise in VN to

delta in continuous BTKi group (p = 0.2).

5 | CONCLUSION

A larger body of prospective data is warranted before any firm con-
clusions can be made and this study may lay a foundation for future
research in maximising response to vaccination in this vulnerable

patient cohort.
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