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Key Points

• PCD patients have an
increased risk of influ-
enza infections and
poor serologic re-
sponse to standard in-
fluenza vaccination.

• Tandem high-dose in-
fluenza vaccination
leads to more robust as
well as more durable
seroprotection in
patients with PCDs.

Patientswith plasma cell dyscrasias (PCDs) experience an increased burden of influenza, and

current practice of single-dose annual influenza vaccination yields suboptimal protective

immunity in these patients. Strategies to improve immunity to influenza in these patients

are clearly needed. We performed a randomized, double-blind, placebo-controlled clinical

trial comparing tandem Fluzone High-Dose influenza vaccination with standard-of-care

influenza vaccination. Standard-of-care vaccination was single-dose age-based vaccination

(standard dose, ,65 years; high dose, $65 years), and patients in this arm received a saline

placebo injection at 30 days. A total of 122 PCD patients were enrolled; 47 received single-

dose standard-of-care vaccination, and 75 received 2 doses of Fluzone High-Dose vaccine.

Rates of hemagglutinin inhibition (HAI) titer seroprotection against all 3 strains (H1N1,

H3N2, and influenza B) were significantly higher for patients after tandem high-dose

vaccination vs control (87.3% vs 63.2%; P5 .003) and led to higher seroprotection at the end

of flu season (60.0% vs 31.6%; P 5 .04). These data demonstrate that tandem high-dose

influenza vaccination separated by 30 days leads to higher serologic HAI titer responses and

more durable influenza-specific immunity in PCD patients. Similar vaccine strategies may

also be essential to achieve protective immunity against other emerging pathogens such as

novel coronavirus in these patients. This trial was registered at www.clinicaltrials.gov as

#NCT02566265.

Introduction

Plasma cell dyscrasias (PCDs) are hematologic disorders characterized by clonal plasma cells that
secrete clonal immunoglubulins and manifest as conditions such as multiple myeloma or its precursor,
monoclonal gammopathy of undetermined significance. PCDs are associated with alterations in both
innate and adaptive immunities, which begin in the precursor stages.1,2 Humoral deficits in PCDs often
involve persistent hypogammaglobulinemia, and antimyeloma therapy may worsen immune deficiency
and reduce the efficacy of vaccines.3,4

Current Centers for Disease Control and Prevention guidelines recommend yearly influenza vaccination
to everyone age .6 months, prioritizing those at higher risk, including adults age .50 years or the
immunocompromised.5 Inactivated influenza vaccines consist of hemagglutinin (HA) antigen from recent
H1N1, H3N2, and influenza B (FluB) virus strains. The vaccine induces antibodies against HA, inhibiting
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viral entry and neutralizing virus.6 Serum HA inhibition (HAI)
antibody titers are correlated with clinical protection against
influenza.7 Fluzone High-Dose contains 4 times more HA antigen
vs standard vaccine; lower rates of influenza infection have been
demonstrated with Fluzone High-Dose vs standard vaccine in adults
age$65 years,8 and it has been US Food and Drug Administration
approved since 2009 for this population. However, recent studies
have shown that current vaccines lead to suboptimal induction of
long-lived plasma cells, which limits durable immunity.9

Patients with PCDs including myeloma have an increased risk of
influenza infections10 and demonstrate poor serologic response to
influenza vaccinations, with studies suggesting ,20% seroprotec-
tion rates after standard influenza vaccination.4,11-13 Previously, we

reported a pilot study using tandem high-dose influenza vaccine
(separated by 30 days) in PCD patients. This trial demonstrated the
attainability of high seroprotection rates in PCD patients: 49% after
1 high-dose and 76% after a second high-dose influenza vaccine
dose.14 In the present study, we analyze serologic data from
a randomized clinical trial comparing tandem high-dose vaccination
with single-dose age-based influenza vaccination.

Methods

We conducted a randomized, double-blind, placebo-controlled
clinical trial during the 2015 to 2016 flu season, SHIVERING 2
(Study of High-Dose Influenza Vaccine Efficacy by Repeated
Dosing in Gammopathy Patients: A 2 Arm Trial). Tandem Fluzone
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Figure 1. Cumulative HAI serologic response

rates against all influenza strains. (A) Bar graph

showing proportion of patients analyzed by actual

number of vaccine doses received who achieved

total seroprotection (against FluB, H1N1, and

H3N2) at baseline, day 30 (after initial vaccine

dose), day 60 (after second vaccine dose/placebo),

and end of study. (B) Bar graph showing proportion

of patients analyzed by actual number of vaccine

doses received who achieved seroconversion

against FluB, H1N1, and H3N2 at baseline, day 30

(after initial vaccine dose), day 60 (after second

vaccine dose/placebo), and end of study. *P , .05,

**P , .01.
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High-Dose influenza vaccination (separated by 30 days) was
compared with standard-of-care influenza vaccination. Standard-
of-care influenza vaccination was single-dose age-based vaccina-
tion (standard dose, ,65 years; high dose, $65 years), and
patients in this arm received a saline placebo injection at 30 days.
The study was approved by the institutional review board at Yale
University.

A validated HAI assay was used to quantify antibody titers based on
standard protocol.15 As defined elsewhere,16,17 seroprotection
after the influenza virus vaccine is based on achieving an antibody
titer $1:40, and seroconversion to the influenza virus vaccine is
based on a fourfold increase in antibody titers.

x2 or Fisher’s exact test was used to compare rates of seroprotection
and seroconversion between treatment arms. Generalized estimating
equations were used to assess the effect of individual risk factors
(ie, clinical correlates) on seroprotection and seroconversion. For all
statistical tests, the significance level was set at P , .05. All
analytics were performed using SAS software (version 9.4; SAS
Institute, Cary, NC).

Results and discussion

A total of 122 PCD patients were enrolled (active multiple myeloma,
Waldenstrom’s macrogobulinemia, or amyloid light-chain amyloid-
osis, n 5 97; asymptomatic gammopathy, n 5 25). Forty-one

patients were randomly assigned the to control arm, and 81 were
randomly assigned to the tandem high-dose vaccination arm, of
whom 75 received both doses of high-dose vaccine (supplemental
Figure 1). Median age was 68 years (range, 37-90 years). Both
arms were balanced for major clinical characteristics (supplemental
Table 1).

Rates of total seroprotection (against all 3 influenza vaccine strains)
were significantly higher after second vaccine dose/placebo for
patients randomly assigned to tandem high-dose vaccination
(86.3% vs 63.9%; P 5 .007). At the end of flu season, rates of
total seroprotection trended toward significance for those randomly
assigned to tandem high-dose vaccination (58.5% vs 33.3%; P 5
.07) but were significantly higher when analyzed by patients who
received 2 high-dose vaccine doses vs single-dose vaccination
(60.0% vs 31.6%; P 5 .04; Figure 1A). Rates of seroconversion
against all 3 influenza vaccine strains after second vaccine dose/
placebo trended higher for patients randomly assigned to tandem
high-dose vaccination (53.4% vs 36.1%; P 5 .09) but were
significantly higher when analyzed by patients who received 2 high-
dose vaccine doses vs single-dose vaccination (54.9% vs 34.2%;
P 5 .04; Figure 1B).

Considering individual virus strains, H1N1 seroprotection rates
were significantly higher for patients randomly assigned to tandem
high-dose vaccination (90.4% vs 69.4%; P 5 .006) and trended
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Figure 2. Correlates of serologic response. Forest plot illustrating effect of a group of risk factors on achieving seroprotection and seroconversion among all study

participants. The x-axis is on log scale with base at 2. Filled black dots represent estimates of odds ratios regarding relevant risk factors. 95% confidence intervals are

represented by horizontal lines with short vertical lines at both ends. Odds ratios with P value for each variable calculated for seroprotection and seroconversion against each

individual influenza vaccine strain are detailed in supplemental Table 1. IMID, immunomodulatory drug; IVIG, IV immunoglobulin; MGUS, monoclonal gammopathy of un-

determined significance; PR, partial response.
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toward significance against FluB (94.5% vs 88.3%; P5 .08). At the
end of flu season, H1N1 seroprotection rates were significantly
higher for patients randomly assigned to tandem high-dose
vaccination (78.1% vs 44.4%; P 5 .01) and trended toward
significance against H3N2 (75.6% vs 50%; P 5 .05; supplemental
Figure 2). After the second vaccine dose/placebo, FluB serocon-
version rates were significantly higher for patients randomly
assigned to tandem high-dose vaccination (69.9% vs 47.2%; P 5
.02) and trended toward significance against H3N2 (90.4% vs
77.8%; P 5 .08; supplemental Figure 3).

Generalized estimating equation logistic regression modeling18

was used to identify potential variables associated with total
seroprotection and seroconversion (Figure 2). Female sex, re-
ceiving active IV immunoglobulin treatment, and influenza infection
in the previous flu season were associated with higher odds of total
seroprotection (P , .05 for each). Receiving a flu vaccine in the
prior year trended toward higher likelihood of total seroprotection
(P 5 .07). In contrast, increasing age, having a diagnosis of PCD
requiring therapy (as opposed to asymptomatic disease/mono-
clonal gammopathy of undetermined significance), and active
therapy with alkylating agent chemotherapy (P , .05 for each)
were associated with lower odds of seroprotection. Two other
variables trended toward lower likelihood of total seroprotection:
disease response status lower than partial response at study entry
(P 5 .06) and greater number of prior cancer therapies (P 5 .07).
Conversely, receiving active immunomodulatory drug therapy was
associated with higher likelihood of seroprotection against H3N2
(P , .05; supplemental Table 2). Receiving active IV immunoglob-
ulin treatment was associated with significantly lower likelihood of
achieving seroconversion against all 3 vaccine strains (P , .05).
Conversely, receiving active immunomodulatory drug therapy
was associated with higher likelihood of H3N2 seroconversion
(P , .005; supplemental Table 2).

These data, to our knowledge, provide the first controlled evidence
that tandem high-dose influenza vaccination is associated with
higher rates of seroconversion and total seroprotection, as well as
more durable seroprotection at the end of flu season. This
maintenance of seroprotection was most pronounced for seropro-
tection against H1N1 (the predominate pathogenic strain for the
studied 2015-2016 flu season), occurring in 77.5% of patients after
2 high-dose vaccine doses compared with 47.4% of those
receiving single-dose vaccination. The low protective titers in the
control arm at the end of flu season suggest that most PCD patients
lose serologic protection within a given flu season. Strengths of this
study are the randomized trial design and systematic evaluation of
immunity, including at end of flu season, coupled with formal
influenza surveillance. Furthermore, it is notable that HAI seropro-
tection as studied here is considered by the US Food and Drug
Administration to be the best currently available correlate of

protection from natural infection and therefore used for regulatory
approval of influenza vaccines.19

Infections such as influenza continue to cause significant morbidity
in patients with PCDs. Our findings support a change in current
vaccination strategy practice against influenza in PCD patients.
Indeed, on the basis of our data, this recommendation is now being
incorporated into the International Myeloma Working Group guide-
lines (Noopur Raje, MGH Cancer Center, personal communication,
4 January 2021). The current SARS-CoV-2 pandemic highlights the
importance of developing effective vaccines, particularly for popula-
tions at greatest risk.20 Newer vaccine strategies as described here
may be needed to improve protection against other infections,
including SARS-CoV-2, for patients with PCDs.
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