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Evidence Summary by Medication Class
TNF-Alpha Inhibitors and Abatacept

Hepatitis B (HBV) Vaccine

Patients on TNF inhibitors may have a lower response rate to HBV vaccine that is
not significantly improved by using high dose vaccine. The general trend of declin-
ing response with age is seen in these patients as well.

HBYV vaccine is more than 90% effective in healthy young adults and 95% effec-
tive in infants, children, and adolescents after three doses. However, after age 40
only 90% respond with protective titers with a further decline to 75% by age 60. It
is recommended that patients on renal replacement therapy receive high dose HBV
vaccine. This recommendation may be applicable to other immunocompromised
patients, but specific groups are not mentioned [1].

In a study looking at high dose (HD) vs. standard dose (SD) HBV vaccine with
patients on TNF inhibition, no significant difference was found (61.1% in HD,
49.3% in SD) [2].

In a retrospective chart review using healthy hospital employees as controls,
60.8% of chronic inflammatory disease patients responded to HBV vaccine vs.
94.3% of healthy controls. 33—80% of patients on anti-TNF therapy had protective
titers, depending on which TNF inhibitor was prescribed (infliximab and certoli-
zumab had the lowest seroconversion rate). Increasing age and longer time on bio-
logics tended to cause decreased response rates [3]. In a subset of patients (N = 4)
receiving anti-TNF therapy, all 4 responded to HBV vaccine with only mild side
effects. One patient had a disease flare unrelated to the vaccine [4]. In another cohort
study, response rates to HBV vaccine varied by biologic prescribed but ranged from
67% to 100% (lowest were abatacept and adalimumab). Older patients were more
likely to be nonresponders [5].

Among children receiving HBV vaccine on TNF inhibition—lower titers were
observed; however, overall seroprotective titer rate was similar. There may be a
faster decline in titers, but 74% of children responded to boosters. No safety con-
cerns were noted [6].

Pneumococcal Vaccine

There is some conflicting evidence, but patients on abatacept may have decreased
response to pneumococcal vaccination with preserved response in patients on TNF-
inhibitors. Patients on TNF inhibition, but not abatacept, responded to boosting
PCV-13 with PPSV-23.

In a study of patients with inflammatory rheumatic diseases, fewer patients on
abatacept responded to PCV 13 and PPSV23 than controls or patients on cDMARD:s.
Antibody increase was seen post PCV-13, but not PPSV-23 in the abatacept group.
Antibody functionality (as measured by opsonophagocytosis) was also reduced [7].
In contrast, in a systematic review and meta-analysis more patients on TNF inhibi-
tors seroconverted post PPSV-23 suggesting some benefit of boosting PCV-13
response with PPSV-23. In the same meta-analysis, older patients, longer disease
history, and higher disease activity score correlated with nonresponse [8].
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In a study of 88 rheumatoid arthritis (RA) patients, 17 receiving abatacept,
response to PCV-13 was lower in the abatacept group compared to controls. For one
strain, response was better than the methotrexate only group [9]. In another study of
149 RA patients—S50 on combination therapy with methrotrexate and TNF-i and 62
on TNF-i alone—compared to healthy controls, all groups had similar response
rates to PPSV-23. Interestingly, the methotrexate group had the lowest response
rate, although this was not statistically significant [10]. An additional study of 22
RA patients receiving etanercept (with or without methotrexate) compared with 24
osteoarthritis controls showed greater than twofold increases in IgG titers in both
groups after PCV-13 vaccination. The control group had higher titers than the etan-
ercept group [11]. In 96 IBD patients, response and antibody titer to PPSV-23 was
lower in infliximab and combination therapy groups (infliximab + cDMARD).
Disease activity was not found to correlate in multivariate analysis. Vaccine was
well tolerated with only two mild reactions noted and no disease flare post vac-
cine [12].

Influenza Vaccine

Influenza vaccine is safe and well tolerated with some conflicting evidence on effi-
cacy (most studies showing no difference in seroresponders). Antibody titers may be
improved by high dose vaccine; they may not last as long as in immunocompetent
patients. Vaccination reduces the number of influenza-related adverse events.

In a study of patients with chronic inflammatory diseases, there were no differ-
ences between TNF-I, abatacept, tocilizumab, and anakinra groups with lower
response rates in the rituximab group. No healthy control or disease control groups
were analyzed [13]. In another study looking at TNF-i, TNF-i plus other immuno-
suppression, or healthy controls there was no difference in number of patients with
seroprotective titers post influenza vaccination. However, seroconversion rate (mea-
sured as >fourfold rise in titer) was lower in the TNF and combination therapy
groups. Vaccine was safe and well tolerated with four mild adverse reactions and no
disease flares [14]. Similar results were found in a systematic review of RA patients
on TNF inhibition compared to healthy controls [15] and other studies [16, 17],
although response on abatacept was lower in one (N = 20) [16]. Conversely, two
studies found decreased seroprotection rates in patients on TNF-i compared to
healthy controls, especially with influenza B [18, 19] and an additional study with
decreased rates against H1 Influenza compared to healthy controls but not metho-
trexate [20]. No serious adverse events or disease flares were reported.

In a study of 40 patients on TNF inhibition comparing high dose versus standard
dose vaccine, high dose vaccine was associated with higher seroprotection and sero-
conversion rates [21].

Lokota et al. studied the effects of using a pandemic influenza vaccine post
trivalent vaccine with another booster a few weeks later. Again, seroprotective
rates were similar in TNF-i, tocilizumab, and healthy controls but titers waned
more quickly in the immunosuppressant group. The booster dose did not signifi-
cantly change the number of patients with seroprotective titers or increase longev-
ity of antibody response [22].
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In a study looking at the long-term effects of adalimumab, a sub-group of vac-
cinated vs. unvaccinated patients was analyzed for influenza-related adverse events.
These occurred in 14% of unvaccinated patients compared to 5% of vaccinated
patients [23].

Live Vaccines

Live vaccines are likely safe up to 14 days prior to biologic start. Although there are
limited data, MMR and varicella vaccine may be safely administered on therapy.
There are case reports of vaccine strain-related yellow fever infections, although
revaccination may be tolerated. BCG vaccination can lead to vaccine strain disease.

In a review of children on biologic medications, overall data suggests VZV
vaccine has maintained efficacy with mild reactions (no reaction to mild self-
limiting vesicular rash noted). No flares were noted. Similarly, there were no
safety concerns with the MMR vaccine. Seroprotective rates were similar to non-
immunocompromised vaccine recipients, with a trend to lower antibody titers
[6, 24].

There are two studies published on the use of live vaccines (Measles, mumps,
rubella, varicella, and rotavirus vaccines) prior to infliximab (14-90 days prior) for
Kawasaki’s disease. No serious vaccine-related adverse events were reported; how-
ever, patients received vaccine prior to biologic start and most received only one
dose of infliximab [25, 26].

A few case reports of yellow fever following yellow fever vaccination in patients
on TNF inhibition or adalimumab. One patient recovered without need for hospital-
ization and only noted prolonged fatigue. Seroprotective antibodies persisted for at
least 10 months (no further measurements reported) [27]. Another developed fever
and increased liver enzymes with no other complications and development of pro-
tective antibodies [28], and a third had no illness reported with protective antibodies
measured 2 years post vaccine [29].

The preceding three cases were reported from areas not endemic for yellow
fever. There are two reports from Brazil—one with 31 patients with rheumatic ill-
ness including three on infliximab. There were only mild adverse events noted, with
titers lower than in healthy controls [30]. The other report included 17 patients on
infliximab and methotrexate revaccinated during the outbreak (preceding vaccine
was 10-22 years prior) with only two patients having no detectable titers prior to
vaccine. All but one patient responded to vaccine with a trend to lower titers in the
immunosuppressed group. No safety concerns were noted [31].

A Crohn’s patient on infliximab inadvertently injected with BCG vaccine devel-
oped an abscess at the injection site requiring drainage and systemic therapy for
6 months [32]. Another patient on infliximab given BCG vaccine had no symptoms
up to 9 months later [33].
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IL-1 Inhibitors

Data found only for canakinumab. No difference in vaccine response or increase in
adverse events even in cases of live vaccines (N = 3), except unusual severe inflam-
matory reaction noted with pneumococcal vaccines in patients with CAPS.

In a study of 51 healthy volunteers (25 given canakinumab and 26 controls),
there was no difference in response to influenza or meningococcal vaccine. No seri-
ous adverse events were noted [34].

Analysis of vaccine response in 68 cryopyrin associated periodic syndrome
(CAPS) patients from a registry being treated with canakinumab. Fifty-five patients
received influenza vaccine (107 vaccines administered) with 7 mild reactions.
Twelve patients received tetanus and diphtheria vaccine with mild reactions noted.
Eleven patients received 21 other vaccines (6 HBV, 5 HAV, 3 typhoid, 2 tick borne
encephalitis, 1 polio, | MMR, 1 HPV, 1 Lyme disease, and 1 cholera) with 21 non-
severe reactions noted. Eighteen patients received 19 pneumococcal vaccines (2
PCV-13, 15 PPSV-23, 2 unknown) with 5 serious adverse reactions to PPSV-23, 3
of these requiring hospitalization (1 non-resolving fever, 2 headache and nausea (1
possible meningitis)) [35].

Two more reports of CAPS patients (one in age 5 and younger and the other in
pediatric and adult patients) reported good vaccine seroconversions rates with no
adverse events, including in the patients receiving pneumococcal vaccines. One live
vaccine (MMR) was administered [36, 37]. There is an additional case report of live
vaccines administered while on canakinumab—measles, mumps, rubella, and vari-
cella with no adverse effects and documented seroconversion [38].

In a report of 7 patients with CAPS (6 receiving canakinumab), 2 had systemic
reactions, including one meningitis, post pneumococcal vaccination (1 PPSV and 1
PCV13), and 5 had severe local reactions. The authors hypothesize that this could
be due to stimulation of TLR-2 and TLR-4, as this reaction was not seen with other
vaccines in the same patients [39].

IL-6

Small numbers for each individual vaccine, but most studies show little impact on
post vaccine titers. Data is from tocilizumab patients only.

HBV Vaccine
Within a larger cohort of patients on various immunosuppressive agents given HBV
vaccine—7/9 (78%) of patients on tocilizumab responded with protective titers [5].

Pneumococcal Vaccine

Sixteen patients treated with tocilizumab within 88 RA patient cohort receiving
PCV-13 showed the same number of seroresponders as control. Absolute titers
were lower in the tocilizumab group [9]. Ninety one patients receiving tocili-
zumab plus methotrexate showed numerically lower response rates than
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methotrexate alone for PPSV-23 (60% vs. 70.8%), but this did not reach signifi-
cance [40]. In other studies, all 21 patients receiving tocilizumab responded to
PPSV-23 [41], and there was no difference in response rates between tocilizumab
and RA control patients [42].

Influenza
Six studies for influenza vaccine included patients on tocilizumab. Two studies
showed equal seroprotective rates compared to control for influenza A [22, 43];
however, titers waned more quickly compared to control [22]. Seroresponse rate
was slightly decreased for Influenza B in one study [43]. One study (N = 5 patients
on tocilizumab) showed decreased response compared to other immunosuppres-
sants (methotrexate and TNF-inhibitors) [16]. Three other studies (one in JIA
patients, two in RA patients) showed no difference in response on tocilizumab com-
pared to age matched controls (JIA) or other DMARDs (RA patients) [41, 44, 45].
There were no serious adverse events or disease flares noted in the above studies,
but there is one case report in a JIA patient with disease flares post both doses of
influenza vaccine [46].

Tetanus
Tetanus vaccine seroconversion was similar between both groups (42% for combi-
nation and 39.1% in methotrexate alone) [40].

Live Vaccines

In two studies on juvenile idiopathic arthritis patients (only three patients total on
tocilizumab), no safety issues or vaccine strain disease was noted. Varicella antibod-
ies titers were low 11 and 27 months post vaccine [47, 48].

IL-12/23

Few studies involved patients on Ustekinumab but the response rates were similar
to controls except for hepatitis B vaccine.

Twenty-five patients on Ustekinumab among 109 patients with inflammatory
disease were vaccinated against hepatitis B. There was a 72% response rate in the
Ustekinumab group. Overall, there was no improvement in response rate with a
higher dose [2].

Sixty psoriasis patients on Ustekinumab were compared to 50 patients not on
systemic therapy after PPSV-23 and tetanus vaccines. There was no difference in
vaccine response [49].

Twenty-seven patients with Crohn’s disease (15 Ustekinumab, 12 adalimumab)
and 20 healthy controls were vaccinated with the seasonal influenza vaccine. No
difference in titers between ustekinumab patients and healthy controls, and post
vaccine T-cell responses were also similar [50].
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IL-17

Only a few studies are available, but the evidence suggests no impact on vaccine
response rates. No data available for live vaccines.

Three studies compared influenza vaccine in patients receiving secukinumab
(two in psoriasis patients and one in healthy volunteers). No differences in post vac-
cine titer or response and no serious adverse events or disease flares were recorded
[51-53].

The study with healthy volunteers also looked at the group C meningococcal
vaccine response. Again, responses between the secukinumab and control groups
were similar [51].

One study with ixekizumab looked at responses to PPSV-23 and tetanus vaccine
in healthy volunteers. No differences in response rates were noted. All adverse
events were mild—mostly headache, injection site erythema, and fatigue [54].

Eculizumab

Fatients on eculizumab are at extremely high risk of invasive meningococcal dis-
ease. These patients should receive both the quadrivalent and MenB vaccines prior
to therapy initiation. Given the breakthrough infections, sub-optimal vaccine
response, and non-vaccine strains causing critical (and occasionally fatal) disease,
consideration should be given to antimicrobial prophylaxis.

Current recommendations include immunization against meningococcal disease
using both quadrivalent (MenACY W) and MenB vaccine [55-57]. Booster vaccines
are recommended while patients continue on eculizumab, as rates of disease as well
as mortality are higher compared to the general population. Preferably, vaccination
series should be completed at least 2 weeks prior to the first dose of eculizumab, but
if treatment is urgent, antimicrobial prophylaxis should be provided for at least
2 weeks [58].

Studies looking at titers post vaccination show a general trend of lower titers and
response rates. Nine patients with cold agglutinin disease were vaccinated for
MenACYW and response rates were 25%, 37.5%, 75%, and 62.5% to group A, C,
Y, and W respectively. Patients with prior B cell therapy (like rituximab) were less
likely to respond. No cases of meningococcal disease were reported [59]. In another
study of 23 patients with PNH, overall response rates were 78%, 87%, 48%, and
70% for groups A, C,Y, and W respectively [60]. In a subset of pediatric patients
with splenic or complement deficiencies, the eight patients on eculizumab had lower
response rates compared to the other children [61]. In 25 patients receiving eculi-
zumab for aHUS, only 20% showed a full response after the first dose of quadriva-
lent meningococcal vaccine, a further 36% responded after the second dose.
Incomplete response was seen in 52% after the first dose and 29% of the revacci-
nated patients [62].

Response to the menB vaccine is likely also reduced. In a study of 15 patients
with aHUS (5 on eculizimab at time of vaccination), response rates were only 50%.
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Titers were measured when patients were off eculizumab as human complement is
needed to judge response (which is blocked by eculizumab) [63]. In 43 patients with
PNH, IgG, and IgG binding post MenB vaccine was similar to healthy controls.
However, no whole blood killing was noted. Therefore despite adequate titers, there
may be an impaired response when exposed [64].

Meningococcemia has been noted even in immunized patients [65-67] and occa-
sionally despite prophylactic antimicrobials [68, 69]. Fatal sepsis from non-vaccine
strains has also been reported [70].

VEGF Inhibitors (Bevacizumab, Aflibercept)

Very little data, therefore no comment can be made for efficacy compared to other
oncology patients. No serious adverse events reported for the 3 bevacizumab
patients.

Ninety-five oncology patients treated with various chemotherapy agents, includ-
ing 3 on bevacizumab, were given seasonal influenza, pandemic influenza, and
PPSV 23 vaccine. Response rates were divided into rituximab and non-rituximab
patients with no further breakdown. In the 83 patients not on rituximab, 62% and
87% responded after dose 1 and 2 of the pandemic influenza vaccine. Response rate
for the seasonal influenza was 70% for HIN1, 58% for H3N2, and 43% for the
PPSV-23 vaccine. No serious adverse events were reported [71].

VEGF-R Inhibitors (Sorafenib, Sunitinib, Axitinib, Pazopanib,
Regorafenib, Vandetanib, Cabozantinib, Ramucirumab)

Influenza vaccine appears to have the same response in patients on sorafenib and
sunitinib as healthy control in a very small number of patients. No serious adverse
events were mentioned in the study.

In the previously mentioned study, one patient was on sunitinib. Since no break-
down of the non-rituximab patients was reported, no comment on efficacy can be
made. No serious adverse events were reported [71].

Sixteen sunitinib and six sorafenib patients were compared to 11 healthy control
and seven patients with metastatic RCC without systemic therapy. There was no
difference in titers measured post vaccination between groups, but the patients on
sorafenib had lower interferon gamma production and lymphocyte proliferation.
Adverse event rates were not mentioned [72].

ErbB2/HER2 Inhibitors (Trastuzumab, Pertuzumab)

In a small number of patients on trastuzumab only, influenza vaccine had the same
response rate as healthy controls and was well tolerated.
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Influenza vaccine was given to 37 patients on trastuzumab vs. 20 healthy controls
and titers were checked post immunization. Patients on any other immunosuppres-
sive therapy, metastatic cancer, and dual HER2 blockade patients were excluded.
Similar seroconversion and seroprotective rates between groups for the HIN1 and
influenza B strains after adjusting for baseline titer differences, five patients had
mild adverse events that resolved within 48 h (local pain, arthalgias, myalgias,
chills), and one skin and skin structure infection unrelated to vaccine site. No influ-
enza like illness was reported in either group during the follow-up period [73].

ErbB Receptor Tyrosine Kinases (Erlotinib, Gefitinib, Afatinib,
Osimertinib, Lapatinib, Neratinib)

Very little data, but only a few mild reactions in a small number of erlotinib patients
receiving influenza vaccine.

Fourteen patients with NSCLC on erlotinib received seasonal influenza vaccine
(11 vaccines) and pandemic HINT1 vaccine (seven vaccines). No data on immuno-
genicity, but only two mild reactions were observed (pain at injection site and rash).
No patients developed influenza [74].

BCR-ABL Tyrosine Kinase Inhibitors (Imatinib, Dasatinib,
Nilotinib, Bosutinib, Ponatinib)

With the limited data available, influenza vaccine appears to be safe. Seroprotective
rates are similar to other patients on chemotherapy, but rates are lower than reports
Jfrom other biologics or immunocompetent patients. A few live virus vaccines were
administered to CML patients with some efficacy and no adverse events.

Four patients with CML (age 12-15) on imatinib were vaccinated against mea-
sles and varicella. Fifty percent had stable seroconversion, one did not seroconvert
for varicella, and one lost immunity and so was re-immunized. No adverse vaccine
events were reported, and imatinib was held for only one patient for 1 week pre- and
2 weeks post-vaccine. All patients had stable disease (ratio BCR-ABL1/ABL1 = 1%
or lower with lymphocyte counts >1500 cells/pL) at the time of vaccination [75].

In a study on response to Influenza vaccine, 33% of patients on tyrosine kinase
inhibitors responded with protective titers against all three strains compared to 27%
of patients on other chemotherapies. No serious adverse events were reported, two
patients had injection site pain and fever. Two influenza infections occurred in this
patient population, but not in patients with protective titers [76].

Burton Tyrosine Kinase Inhibitors (Ibrutinib, Acalabrutinib)

Data only for ibrutinib. Small numbers, but data suggests decreased vaccine
response for influenza, PCV-13, and hepatitis B vaccine.
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Two studies looked at the response to influenza vaccine in patients on ibrutinib
(almost all CLL, 1 Waldenstrom’s macroglobulinemia). Influenza response was
lower in the ibrutinib group (N = 14) compared to healthy controls. Five infections
were reported in the ibrutinib group, only one was confirmed as influenza B [77].
Another study with 19 patients showed that 74% of patients had seroprotective titers
post immunization, although only five patients had increasing antibody levels
enough to seroconvert. Seven patients developed ILI—one confirmed influenza B,
the others were mild and not lab-confirmed [78]. No mention of vaccine-related side
effects in either study.

In a subgroup analysis of CLL patients treated with ibrutinib (N = 34), only one
patient had an immune response to PCV 13 based on IgG measurements. Side effects
were seen in four patients and were mild. Another study compared patients with
CLL on ibrutinib to controls—none of the patients in the ibrutinib group responded
to PCV-13, whereas all four of the control patients did. All the ibrutinib patients
were also on rituximab, so that may have confounded the findings [79].

A total of 315 lymphoma patients were vaccinated with hepatitis B vac-
cine—118 in the low dose group, 118 in the high dose group, and 79 in the high
dose, high frequency group. Response rates were 68.8%, 81.4%, and 82.3% respec-
tively. Only 47.4% of the ibrutinib patients responded to vaccine [80].

PI3K Inhibitors Idelalisib, Buparlisib, Rigosertib, Duvelisib

One study with PCV-13 in ten patients suggests decreased ability to respond to
vaccines.

In a subgroup analysis of CLL patients treated with idelalisib (N = 10), none had
aresponse to PCV13 as measured by IgG response. Vaccine-related adverse events
were mild [81].

Janus Kinase Inhibitors (Ruxolitinib, Tofacitinib, Baricitinib)

Vaccine response may be blunted for patients on Janus kinase inhibitors, especially
when used with methotrexate. Live vaccines administered prior to biologic start
are safe.

Pneumococcal Vaccine

Response to PCV13 was tested in 60 patients on tofacitinib for psoriasis. More than
80% of patients responded adequately, with no difference found in the subgroup of
lymphopenic patients. 37.7% of patients reported adverse events, but all were mild
reactions [82]. In another study comparing patients on tofacitinib to placebo, fewer
patients in the tofacitinib group responded to PPSV-23 (45.1% vs. 68.4%). In the
subset of patients only on tofacitinib (without methotrexate) compared to no
DMARD, the response was still slightly lower (62.2% vs. 76.7%) [83].
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In the same study, the investigators compared vaccine response when tofacitinib
was interrupted vs. continued. The response was 75% in the continuous vs. 84.6%
in the interrupted group. Again, response rates were higher if the patients were not
on concomitant methotrexate (89.2% vs. 91.7%) [83].

One hundred and six rheumatoid arthritis patients on baracitinib (89% also on
methotrexate) were vaccinated with PCV-13. Sixty-eight percent of patients had a
response that was maintained for at least 3 months. Older age was inversely corre-
lated with response. Adverse effects were all mild [84].

Influenza
Winthrop et al. also compared the reaction to influenza vaccine alongside PPSV-23.
The response was 56.9% vs. 62.2% in the tofacitinib and placebo groups, with a
higher response seen in the subset of patients not on methotrexate (64.4% vs.
67.4%). The proportion of patients with seroprotective titers was higher in the pla-
cebo group (91.8% vs. 76.5%).

Response to influenza in the interrupted arm was 63.7% compared to 66.3%,
with seroprotective titers of 75% in the interrupted arm compared to 82.4% [83].

Tetanus

Two studies compared the response to tetanus vaccine—one with tofacitinib and
one with baricitinib. Eighty-eight percent of tofacitinib patients had an adequate
response and 74% of baricitinib patients. No control group was included. Adverse
events were all mild [82, 84].

Live Zoster Vaccine

Two studies compared safety and efficacy of live zoster vaccine (LZV) either 2 or
4 weeks prior to tofacitinib start. In the first, a post hoc analysis of a randomized
control trial, 3 (1.4%) patients in the vaccinated arm had herpes zoster compared to
15 (1.6%) in the unvaccinated arm. This was not statistically significant. Only one
infection was multidermatomal but none were serious. The vaccine was well toler-
ated with no vesicular lesions within 42 days of vaccine [85].

The other study looked at 112 patients—355 on tofacitinib and 57 on placebo.
Both groups were given LZV 2 weeks prior to tofacitinib start. Judging response by
mean fold rise in IgG titers, both groups were similar at week 2, 6, and 14. Seven
nonserious adverse events were reported in the tofacitinib group and five in placebo
group. An additional three serious events occurred in the tofacitinib group—bron-
chitis, cholangitis, and primary varicella (in a patient later found to have no primary
immunity) [86].

mTOR Inhibitors (Everolimus, Temsirolimus)
In a study of pandemic strain influenza vaccine (2009), seroprotection and serocon-

version rates were similar to other solid organ transplant recipients but titers were
lower. Four patients were infected with influenza, but none had protective
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antibodies even post infection. No safety concerns were noted (rejection or vaccine
adverse events) [87].

Anti-CD20 (Rituximab, 90Y-lbritumomab Tiuxetan, Ofatumumab,
Ocrelizumab, Veltuzumab, 131I-Tositumomab, Obinutuzumab,
Ocaratuzumab, Ublituximab)

Overall results show dramatic decrease in vaccine response lasting months beyond
last dose. No increase in adverse events for inactivated vaccines.

Pneumococcal Vaccine

Sixty-eight ocrelizumab patients in the VELOCE study (relapsing multiple sclero-
sis) were vaccinated with PPSV-23 and PCV-13 (as a booster to PPSV-23). Positive
response to PPSV-23 was 71.6% compared to 100% in the control group. PCV-13
did not boost response to PPSV-23 for ocrelizumab patients [88]. Reduction in
response to PPSV-23 was also seen in a study of rheumatoid arthritis patients on
Rituximab (57% vs. 82%) [89]. Other studies in different diseases also show reduc-
tion or no response in response to both PPSV-23 and PCV-13 while on rituximab
[7-9, 81, 90].

Similar results are found in pediatric lupus patients given PCV-13—among the
nine patients on rituximab, only one responded and reached protective titers.
Another patient remotely exposed to rituximab (>2 years ago) with hypogamma-
globulinemia had a fourfold increase in titers but did not reach protective levels. All
control pediatric patients responded to the vaccine [91].

Influenza

Decreased influenza response was noted across many studies and patient popula-
tions, with a trend to increasing response with more time between vaccine and ritux-
imab dose. No serious adverse events noted in studies and no disease flares [13, 15,
16, 22,71, 92-95].

Hepatitis B Vaccine

Significantly fewer patients on rituximab responded to Hepatitis B vaccine.
Response rates varied from 25% to 69.5%. Vaccine was well tolerated with only
mild adverse effects noted and no disease flares [4, 5, 80, 96].

Tetanus

Decreased tetanus response was compared to control with ocrelizumab (23.9% vs.
54.5%) [88]. Response to vaccine on rituximab was similar to patients on metho-
trexate (39.1% vs. 42.3%) [89].

Varicella
Case report of a patient on ocrelizumab vaccinated with varicella vaccine with sero-
conversion to positive IgG (VZV IgG). After receiving ocrelizumab, titers of VZV
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IgG declined to nonprotective levels. Repeat vaccination was attempted, but with no
response (given 7 months post ocrelizumab dose).

Hematological malignancy patients on anti-CD20 were given a four-dose regi-
men of the inactivated herpes zoster vaccine. There was a fourfold rise in titer from
baseline suggestive of immunogenicity. Most reactions were mild and, while 18
serious adverse events were noted, only one was thought to be vaccine-related (sei-
zures). Five patients reported a vesicular rash [97].

Alemtuzumab

Small amount of data, but vaccine response likely to be reduced especially if within
6 months of alemtuzumab infusion.

Twenty-four multiple sclerosis patients on alemtuzumab (median time since last
infusion 18 months) were given multiple vaccines to measure antibody response.
Twenty-two patients received diphtheria and tetanus vaccine, 21 received inacti-
vated polio vaccine, 23-valent polysaccharide pneumococcal vaccine (PPSV-23),
Haemophilus vaccine, and meningococcal C vaccine. All vaccinated patients had
positive IgG to diphtheria and tetanus prior to vaccine, therefore no comment on
vaccine effect can be made. Polio seroprotective rate improved from 95% to 100%
for type 1 poliovirus, and from 77% to 95% for type 3 poliovirus. Response in
patients receiving PPSV-23 exceeded literature controls. Seropositivity for
Haemophilus increased from 13% to 74% and from 91% to 100% for meningococ-
cal C vaccine. Overall trend towards decreased vaccine response if within 6 months
of alemtuzumab infusion [89, 98].

In 61 islet cell transplant patients, lower seroconversion and seroprotection rates
were seen for 2010-2011 influenza vaccine compared to published rates for healthy
controls. There was a trend towards lower response if patients received alemtu-
zumab for induction therapy, regardless of time from transplant. There was a signifi-
cantly lower response rate in patients who were less than 1 year from their
transplant [99].

Anti CD-38 (Daratumumab, Isatuxumab)

Very limited data on a small number of patients with confounding immune system
abnormalities. No further decrease in response to pneumococcal vaccine compared
to other patients with the same chronic illness. One case report suggesting recom-
binant zoster vaccine is ineffective.

In a series of multiple myeloma patients (17 on daratumumab, 10 on other immu-
nomodulators) vaccinated against pneumococcal disease, response rates to PCV-13
and PPSV-23 were comparable between the two groups [100].

One case report of a 65-year-old with prior stem cell transplant on daratumumab
with a vesicular rash, hypoxic respiratory failure, and subsequent retinitis secondary
to VZV. She was vaccinated with recombinant zoster vaccine 6 months prior to
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presentation and 2 months prior to daratumumab. Virus was sequenced and found to
be wild-type, suggesting the vaccine is not effective in all patients [101].

CTLA-4 Inhibitors (Ipilimumab, Tremelimumab)

No increased adverse events noted post influenza vaccine with a lower rate of influ-
enza compared to institutional average.

A retrospective review was done over three influenza seasons (2014-2017) in
patients receiving Influenza vaccine within 65 days of immune checkpoint inhibitor.
Most patients received PD-1 inhibitors only, but 81 patients received combination
therapy with ipilimumab. Only four patients received monotherapy with ipilim-
umab. 20% of patients experienced immune-related adverse events (IRAEs); the
majority were Grade 2-3 in severity. Patients receiving combination therapy had a
higher likelihood of having an IRAE and it being more severe. There were no large
local reactions or severe post vaccine events. These rates are not higher than pub-
lished literature for the medications alone, leading the authors to conclude that vac-
cination did not lead to increased IRAEs. The rate of influenza in these vaccinated
patients over 3 years was 3.5% compared to the institutional incidence of
10.7% [102].

PD-1 and PD-1 Ligand Inhibitors (Nivolumab,
Pembrolizumab, Atezolizumab)

Data mostly on Influenza vaccine—high baseline immune-related adverse events,
but these were not worse with vaccine administration in all but one study.

Influenza Vaccine

The retrospective review mentioned above included patients mostly on PD-1 inhibi-
tors. As noted earlier, no increased IRAEs were noted in the influenza-vaccinated
patients compared to the published literature. The rate of influenza in these vacci-
nated patients over 3 years was 3.5% compared to the institutional incidence of
10.7% [102]. In two cohort studies, the incidence of IRAEs was not higher in the
vaccinated group. There was also no increased risk if the vaccine was given in
between doses [103, 104].

One study with 23 patients compared to 11 healthy controls found a slightly
lower seropositivity rate in treated patients (not significant). IRAEs occurred in
52.2% of patients with 26.1% of patients having grade 3—4 reactions, including 3
neurological reactions (2 encephalitis and 1 peripheral neuropathy). This rate was
higher than the published literature for PD-1 inhibitors [105]. Additionally, there
was one report on a patient with Guillain-Barre syndrome (GBS) with symptoms
starting 3 weeks post influenza vaccine. Unfortunately, the patient worsened and
passed away. The differential for his symptoms included vaccine-related GBS, but
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also worsening melanoma with brain metastases and nivolumab-associated neuro-
logical IRAE [106].

Recombinant Zoster Vaccine

A patient receiving pembrolizumab developed oral and skin lesions suggestive of
Stevens-Johnson syndrome 7 days post vaccination with recombinant zoster vac-
cine. The patient improved on steroids but was not given the second dose of vac-
cine [107].

LFA-3 Inhibitor (Alefacept)

Data from one study in patients with psoriasis shows polysaccharide pneumococcal
vaccine is safe with no loss in efficacy (when compared to patients on other
immunomodulators).

Forty-two patients with psoriasis were given PPSV-23 in the middle of 12 weekly
doses of Alefacept. Serial antibody titers showed 86% and 78% of patients had a
twofold rise at 3 and 6 months, and 57% and 47% of patients had a fourfold rise.
This is compared to a baseline rate of 34.5% response for patients on methotrexate
and anti-TNF agents. Adverse events were generally mild [108].

Alpha 4-Integrin and LFA-1 Inhibitors (Natalizumab,
Vedolizumab, Efalizumab)

Influenza Vaccine
Likely lower response in patients on natalizumab; no difference in one study done
for patients on vedolizumab.

Seventeen patients on Natalizumab had no significant difference in Influenza A
and B antibody titers post vaccine compared to ten healthy controls. There was a
trend towards lower titers in the natalizumab group, but overall small numbers and
the groups were not well matched [109]. In another study with 113 patients on
immunomodulators (17 on natalizumab and 36 on interferon) compared to 216
healthy controls, response to 2009 HINT influenza vaccine was lower in the natali-
zumab group compared to the interferon or health control groups [89]. A similar
trend was found in two other studies comparing 14 patients on natalizumab to
patients on interferon [110] and 12 patients on natalizumab compared to 53 controls
[111]. In contrast, a study of patient 19 patients on vedolizumab receiving standard
dose influenza vaccine showed no difference in seroprotection or seroconversion
rates compared to healthy controls [21].

Other Vaccines
Small numbers, but trend suggestive of preserved response to tetanus vaccine and
hepatitis B vaccine.
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Sixty patients (30 natalizumab, 30 control) were evaluated for their response to
tetanus vaccine and keyhole limpet hemocyanin (KLH, a neoantigen). No signifi-
cant differences were observed between natalizaumab and control groups, although
the number of patients that responded was slightly lower in the natalizamab group
[112]. Similar results were seen in a study with 41 patients on efalizumab compared
to 22 controls receiving tetanus vaccine. Antibody titers were slightly lower in the
efalizumab group, but seroprotection rates were equivalent [113].

Hepatitis B and oral cholera vaccine responses were assessed in 127 healthy
volunteers (64 vedolizumab and 63 placebo). Response to hepatitis B vaccine was
preserved, but response to oral cholera vaccine was lower in the vedolizumab group.
Adverse events were similar in both groups [114].

Live Vaccines
No disease flare or vaccine illness noted post yellow fever vaccine, but one case
report of likely vaccine strain measles.

Twenty-three multiple sclerosis patients on natalizumab received yellow fever
vaccine with no adverse events and no flares post vaccine. All patients were from
Switzerland and received vaccine for travel reasons. Therefore, they would be
unlikely to have prior immunity or exposure [115].

One case report of a patient on natalizumab developing non-severe measles
7 days post vaccine. No typing was done, but the diagnosis was confirmed by
PCR. However, the report is from Switzerland with no known community measles
contact, making it more likely that this is vaccine strain disease [116].

Sphingosine 1-Phosphate Receptor Inhibitor
(Fingolimod, Siponimod)

Data suggests lowered vaccine response, and possible loss of protective antibodies
from prior vaccines.

A review of multiple sclerosis patients on immunomodulators had conflicting
evidence regarding patients on fingolimod receiving Influenza vaccine—two studies
showing no difference in efficacy (with lower absolute antibody titers) and two
studies showing lowered seroprotection (smaller numbers) [89]. A study of
Siponimod in healthy persons receiving influenza vaccine and polysaccharide pneu-
mococcal vaccine showed decreased response to Influenza B in the continued ther-
apy and interrupted therapy groups. All groups responded well to the pneumococcal
vaccine [117].

Two patients on fingolimod vaccinated against tick-borne encephalitis had the
lowest antibody increase compared to 18 other multiple sclerosis patients. It is
unknown if they developed protective (but low) titers [118]. Out 23 patients vacci-
nated for varicella zoster virus (VZV) prior to therapy, 7 lost detectable antibody.
Out of three patients that stopped fingolimod due to side effects, two recovered vari-
cella antibody and one developed chickenpox 1 year post fingolimod [119]. There is
also one case report of a patient on fingolimod developing VZV encephalitis despite
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history of chickenpox and prior vaccination. This patient was also previously treated
with natalizumab [120].

Proteosome Inhibitors (Bortezomib, Carfilzomib, Ixazomib)

No data on efficacy, but MMR vaccine may be tolerated while on proteosome inhibi-
tors. One study showing clinical benefit with pneumococcal vaccine.

Thirteen multiple myeloma patients post stem cell transplant on bortezomib
were vaccinated for the measles, mumps, and rubella (MMR) vaccine 25 months
post transplant. Three patients had mild adverse events, but there was no vaccine
strain disease, no fevers, no hospitalizations, and no deaths. No titers were done to
look at efficacy [121]. In a study looking at conjugate pneumococcal vaccine effi-
cacy, 18 vaccinated multiple myeloma patients (11 on bortezomib and 2 on ixazo-
mib) were compared to 18 unvaccinated multiple myeloma patients (9 on bortezomib
and 5 on ixazomib). The rate of pneumonia over 1 year was 16.7% in the vaccinated
group and 50% in the unvaccinated group, suggesting that pneumococcal vaccine is
effective at preventing clinical disease. No adverse vaccine events were documented
in the study. The dosing of vaccine was unusual (three doses given 1 month
apart) [122].
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