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Vaccine Responses in Patients with Rheumatoid
Arthritis Treated with Certolizumab Pegol: Results
from a Single-blind Randomized Phase IV Trial
Alan J. Kivitz, Joy Schechtman, Michele Texter, Andreas Fichtner, Marc de Longueville, 
and Elliot K. Chartash

ABSTRACT. Objective. To evaluate the humoral immune response to pneumococcal and influenza vaccination in
adults with rheumatoid arthritis (RA) receiving certolizumab pegol (CZP). 
Methods. In this 6-week, single-blind, placebo-controlled trial with optional 6-month open-label
extension (NCT00993668), patients were stratified by concomitant methotrexate (MTX) use and
randomized to receive CZP 400 mg (loading dose; according to CZP label) or placebo at weeks 0, 2,
and 4. Pneumococcal (polysaccharide 23) and influenza vaccines were administered at Week 2.
Satisfactory humoral immune response, defined as ≥ 2-fold titer increase in ≥ 3 of 6 pneumococcal
antigens and ≥ 4-fold titer increase in ≥ 2 of 3 influenza antigens, were assessed independently 4
weeks after vaccination. 
Results. Following pneumococcal vaccination, 62.5% of placebo patients and 54.5% of CZP patients
without effective titers at baseline achieved a humoral response (difference in proportions was –8.0
percentage points; 95% CI –22.5 to 6.6%). Following influenza vaccination, 61.4% of placebo and
53.5% of CZP patients without effective titers at baseline achieved a humoral response (difference
in proportions: –8.0 percentage points; 95% CI –22.9 to 7.0%). In all patients, including those with
effective titers at baseline, 58.2% of placebo and 53.3% of CZP patients developed satisfactory
pneumococcal titers, and 54.1% of placebo and 50.5% of CZP patients developed satisfactory
influenza antibody titers. Vaccine responses to pneumococcal and influenza antigens were reduced
similarly in both treatment groups with concomitant MTX use. 
Conclusion. Humoral immune responses to pneumococcal and influenza vaccination are not
impaired when given during the loading phase of CZP treatment in patients with RA.
(ClinicalTrials.gov NCT00993668). (First Release March 1 2014; J Rheumatol 2014;41:648–57;
doi:10.3899/jrheum.130945)
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It has been well documented that patients with rheumatoid
arthritis (RA) are more susceptible to infection than similar

populations without RA. This increased risk of infection
may be due to underlying immune system dysfunction,
because historical reports prior to the availability of
immunosuppressive treatments and recent studies adjusted
for corticosteroid use have demonstrated an increase in
infection rates in patients with RA, especially in those with
active disease1,2. The use of immunosuppressive agents for
RA treatment may contribute to this increased risk3,4,5,6. The
recent development of tumor necrosis factor (TNF)
inhibitors has also raised concerns regarding increased
infection risks in patients treated with these drugs3,6. Given
these concerns, treatment guidelines recommend routine use
of pneumococcal and inactivated influenza vaccines for
immune-compromised patients, including those who are
receiving TNF inhibitors7,8. Use of live vaccines is not
recommended in patients receiving TNF inhibitors because
there are currently insufficient safety data7,8, a situation
reflected in the prescribing information9,10,11,12,13. Despite
recommendations, vaccination coverage rates (including
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non-live vaccines such as the inactivated influenza and
pneumococcal vaccines) are lower in patients with RA
compared to the general population14,15, partly owing to
concerns about vaccination safety and efficacy in patients
treated with immunomodulatory therapies16.

Response to vaccination varies among patients with RA
who are receiving TNF inhibitor therapy, both with and
without concomitant corticosteroids and/or nonbiologic
disease-modifying antirheumatic drugs (DMARD). A
prospective study showed that patients receiving TNF
inhibitors with methotrexate (MTX) had a lower response to
the influenza vaccine than those receiving TNF inhibitors
alone17. In addition, the response to influenza vaccination is
lower in RA patients with preexisting protective antibody
titers receiving TNF inhibitor treatment18. Immune
responses to the 23 valent pneumococcal polysaccharide
vaccine are also variable in patients receiving TNF inhibitor
therapy with and without DMARD18,19,20,21. While
protective titers have been shown in both TNF inhibitor and
control groups, responses to vaccination (≥ 2-fold increases
in titer from baseline) have been lower, or no different from
controls, in those receiving TNF inhibitors18,19,21. Variable
vaccine response has also been reported for other biologic
agents that inhibit T cell co-stimulation or deplete B
cells22,23,24; vaccine response can also be affected by other
co-factors such as age, sex, and genomics25.

Certolizumab pegol (CZP), a univalent Fc-free
PEGylated anti-TNF agent, has previously demonstrated
efficacy in reducing signs and symptoms, and inhibiting
progression of structural joint damage, in patients with
moderate to severely active RA when used either in combi-
nation with MTX or as monotherapy26,27,28. CZP has also
demonstrated efficacy in Crohn disease, axial spondy-
loarthritis, psoriatic arthritis, and psoriasis29,30,31,32,33,34,35.
However, the effect of CZP treatment on antibody responses
to pneumococcal and influenza vaccination in patients with
RA has not been evaluated. In our study we assessed the
humoral immune responses to the pneumococcal vaccine
(purified capsular polysaccharides from Streptococcus
pneumonia) and the trivalent influenza virus vaccine (inacti-
vated influenza virus) in adult patients with RA receiving
either CZP or placebo, with or without existing nonbiologic
therapy. The hypothesis was that there would be no
difference in immune response between placebo-treated and
CZP-treated patients.

MATERIALS AND METHODS
Study design. This 6-week, post-approval commitment, randomized,
single-blind (patient), placebo-controlled trial, with an optional 6-month
open-label extension (OLE) phase in which all patients received CZP
(Figure 1A), was conducted between September 2009 and February 2011 at
43 US centers. The study complied with the principles of the Declaration
of Helsinki and was approved by institutional review boards at each partic-
ipating center. All patients provided written informed consent. Our study
was registered with ClinicalTrials.gov (NCT00993668).

Eligible patients were stratified by concomitant MTX use and

randomized 1:1 to receive either CZP 400 mg (loading dose) or placebo
(0.9% saline) subcutaneously at weeks 0, 2, and 4. At Week 2, all patients
received intramuscular injections of 23 valent pneumococcal polysac-
charide vaccine (Pneumovax 23, Merck & Co. Inc.) and the 2009–2010
(Northern Hemisphere) H1N1,H3N2 B/Brisbane trivalent influenza virus
vaccine (Afluria, Merck & Co. Inc.). Blood samples were collected at Week
2 to assess baseline serum antibody titers for influenza and pneumococcal
antigens and at Week 6 (i.e., 4 weeks after vaccination) for immune
response evaluation; assessment of antibody titers was not undertaken at
further timepoints.

Patients who completed the randomized controlled trial (RCT) were
eligible to enter the optional OLE (NCT00993668). In the OLE, patients
who received CZP during the RCT were administered CZP 200 mg every
other week (Q2W) from weeks 6 to 30; those who were previously
randomized to placebo were given CZP 400 mg (loading dose) at weeks 6,
8, and 10, followed by CZP 200 mg Q2W from weeks 12 to 30. We report
vaccine responses from the RCT, and safety data from both the single-blind
and OLE phases.
Patients. Patients were aged ≥ 18 years with adult-onset RA as defined by
the 1987 American College of Rheumatology criteria36, of ≥ 6 months’
duration and active disease at baseline (defined as ≥ 4 tender/painful joints
and ≥ 4 swollen joints; 28-joint count). Patients must have discontinued
anakinra and etanercept for ≥ 1 month, rituximab for ≥ 6 months, and any
other biological DMARD for ≥ 3 months prior to baseline. Patients were
excluded from the study if they had received treatment with CZP at any
previous time, had a recent (< 3-month) pneumococcal or influenza
infection, or had received a pneumococcal vaccine within 5 years or an
influenza vaccine within 6 months. Patients were allowed to continue their
pre-study nonbiologic therapies, including nonsteroidal antiinflammatory
drugs, corticosteroids (prednisone equivalent ≤ 10 mg/day), and DMARD
(including MTX). Changes in DMARD dose regimens were not permitted
within 1 month prior to baseline or during the study.
Antibody assays. Serum pneumococcal antibody titers were determined
with a multiplexed indirect immunofluorescent assay using the Luminex
platform (Millipore). Serum samples were pre-absorbed with pneumo-
coccal cell wall polysaccharide mixture (CWPS multi). The 89SF pooled
serum standard was used for the assay. Serum influenza antibody titers
were determined using a hemagglutination inhibition antibody assay37,38.
The influenza antibody analyses were run in triplicate, and the reporting
was by geometric mean titer. All pneumococcal and influenza antibody
samples were analyzed by Focus Diagnostics Inc. Antibody titer values
were log-transformed.
Vaccine analyses. The primary objective of the study was to assess the
humoral immune response to the trivalent influenza virus and the 23-valent
pneumococcal vaccines in patients with RA receiving CZP versus placebo.
The co-primary endpoints were the proportion of patients who achieved a
satisfactory humoral immune response to each vaccine at Week 6.
Satisfactory humoral immune responses were defined as (1) ≥ 2-fold titer
increase postvaccination in ≥ 3 of 6 pneumococcal antigens (6B, 9V, 14,
18C, 19F, and 23F; analysis similar to that previously undertaken for adali-
mumab18), and (2) ≥ 4-fold increase postvaccination in ≥ 2 of 3 influenza
antigens [H1N1 (nonpandemic), H3N2, and B/Brisbane]. Vaccine response
was assessed in patients with an absence of effective antibody titers at
baseline (defined as < 1.6 µg/ml in ≥ 3 of the 6 pneumococcal antigens and
< 1:40 in ≥ 2 of the 3 influenza antigens). According to these definitions,
patients with pneumococcal antibody titer baseline values < 0.3 µg/ml had
to reach ≥ 0.6 µg/ml (i.e., ≥ 2-fold titer increase), while those with
influenza antibody titer baseline values of < 1:10 needed to reach ≥ 1:40
(i.e., ≥ 4-fold titer increase), to be classified as achieving a satisfactory
response. Co-primary endpoints were assessed independently of each other
(i.e., the percentage of patients who achieved the first endpoint may not
have been the same as those who achieved the second endpoint). Thus, the
results are presented separately.

Secondary endpoints were (1) proportion of all patients, including those
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Figure 1. Study design and
patient distribution. 
a Absence of effective
pneumococcal antibody
titer at baseline (defined as
< 1.6 µg/ml in ≥ 3 of the
pneumococcal antigens 6B,
9V, 14, 18C, 19F, and 23F).
b Absence of effective
influenza antibody titer at
baseline [defined as < 1:40
in ≥ 2 of the influenza
antigens H1N1 (non-
pandemic), H3N2, and
B/Brisbane]. RCT:
randomized controlled trial;
PBO: placebo; MTX:
methotrexate; CZP:
certolizumab pegol; Q2W:
dose every 2 weeks.
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with effective antibody titers at baseline, who achieved a satisfactory
humoral immune response at Week 6; (2) mean change from baseline
(increase) in antibody titers by individual antigen at Week 6; (3) proportion
of patients who developed a satisfactory humoral immune response at
Week 6; (4) proportion of patients who achieved a satisfactory humoral
immune response at Week 6 by individual antigen; (5) proportion of
patients who achieved a satisfactory humoral immune response to the
pneumococcal and influenza vaccines at Week 6, stratified by MTX use at
baseline; and (6) proportion of patients who achieved a satisfactory
humoral immune response to the pneumococcal and influenza vaccines at
Week 6 stratified by use of any DMARD (including MTX) or cortico-
steroids at baseline, C-reactive protein (CRP) levels of < 5 mg/l or ≥ 5 mg/l
at baseline, age (< 65 yrs or ≥ 65 yrs), and sex.
Statistical analyses. The primary endpoints were evaluated in patients
without effective titers at baseline. The secondary endpoints were evaluated
in both patients without effective titers at baseline, and also in all patients
(including those who had effective titers at baseline). The difference
between treatments was compared by examining the proportion of patients
who achieved a satisfactory humoral immune response, as defined above
for each endpoint. Each within-treatment estimate of proportion, and the
difference in proportions between the treatment groups, were presented
with a 95% CI constructed from an approximation to the normal 
distribution.

All analyses were based on observed data only. Only patients with
serum antibody titer samples at Week 2 and Week 6 were analyzed;
antibody titers were not analyzed at further timepoints. The ratio of
geometric means for the changes from baseline between the treatment
groups was calculated with an associated 95% CI by comparing log-trans-
formed values to the normal distribution.
Adverse events and safety. The safety set consisted of all randomized
patients who received at least 1 administration of either CZP or placebo.
Safety assessments included monitoring and recording of adverse events
(AE) at each visit during the RCT. The safety of CZP was also assessed
during the 6-month OLE; the OLE safety dataset could include events
experienced by patients originally randomized to placebo during the RCT
who subsequently received CZP in the OLE.

RESULTS
Patients. A total of 224 patients were randomized, of which
217 (96.9%) completed the 6-week single-blind phase/RCT
(Figure 1B). Of the randomized patients, 217 (96.9%)
received the pneumococcal vaccine and 216 (96.4%)
received the influenza vaccine. Of these patients, 176
(78.6%) of those who received the pneumococcal vaccine
and 169 (75.4%) of those who received the influenza
vaccine did not have effective titers at baseline. Overall, 215
patients (96.0%) entered the OLE: 109 (95.6%) placebo and
106 (96.4%) CZP patients. Of all patients randomized, 110
(96.5%) placebo and 107 (97.3%) CZP patients completed
the RCT, with 86 (75.4%) placebo and 91 (82.7%) CZP
patients completing the OLE.

Baseline demographics and disease characteristics were
similar between the treatment groups (Table 1). Overall,
68.3% of patients (placebo 68.4%; CZP 68.2%) received
concomitant MTX (Table 1; mean dose 16.6 mg/week).
Immune response to pneumococcal vaccine. In patients
without effective titers at baseline, 62.5% of placebo and
54.5% of CZP patients achieved a satisfactory humoral
immune response to pneumococcal vaccination at Week 6

(difference in proportions was –8.0 percentage points; 95%
CI, –22.5 to 6.6%; Figure 2). Similarly, in all patients,
including those with effective titers at baseline, 58.2% of
placebo and 53.3% of CZP patients achieved a satisfactory
pneumococcal humoral immune response at Week 6
(difference in proportions was –4.9 percentage points; 95%
CI, –18.1 to 8.3%; Figure 2).

Evaluation of percent mean changes from baseline for
antibody titers showed a ≥ 2-fold increase for each pneumo-
coccal antigen in both treatment groups at Week 6 in
patients without effective antibody titers at baseline, and
also in all patients (including those with effective titers at
baseline; Table 2). In all patients, 65.5% (95% CI, 56.6 to
74.3%) in the placebo group and 62.6% (95% CI, 53.4 to
71.8%) in the CZP group developed satisfactory antibody
titers at Week 6. In patients without effective titers at
baseline, the proportion of patients with satisfactory
antibody titers at Week 6 was slightly lower in CZP patients
(50.7%; 95% CI, 39.4 to 62.0%) compared with placebo
(57.3%; 95% CI, 46.1 to 68.5%).

The percentage of patients without effective titers at
baseline who achieved a satisfactory humoral immune
response for pneumococcal antigens 6B, 14, 19F, and 23F at
Week 6 was similar in the placebo and CZP groups (Table
2). Response rates varied depending on the specific antigen;
however, the antibody response was broadly uniform with a
similar range of response between placebo (48.9% to

Table 1. Patient demographics and disease characteristics (all randomized
patients; n = 224).

                                                                  PBO, n = 114       CZP, n = 110
                                                                                                         
Demographic                                                                                    
   Age, yrs, mean (SD)                                52.7 (11.1)           53.1 (11.8)
   Sex, % female                                               76.3                      83.6
Disease characteristics                                                                     
   Duration, yrs, mean (SD)                          7.9 (8.4)               7.4 (8.1)
   Duration > 2 yrs, n (%)                            88 (77.2)              72 (65.5)
   TJC, mean (SD)a                                      16.0 (7.1)             15.7 (7.6)
   SJC, mean (SD)a                                      11.0 (5.6)             11.7 (5.3)
   DAS28-CRP, mean (SD)                           5.5 (0.9)               5.5 (1.0)
   CRP, mg/l, median (min, max)b           5.1 (0.6, 96.9)      5.1 (0.6, 97.7)  
   CRP, ≤ 5 mg/l, n (%)                               56 (49.1)             54 (49.1)  
   CRP, > 5 mg/l, n (%)                               58 (50.9)             56 (50.9)  
Concomitant therapy    
   Concomitant MTX use, n (%)                 78 (68.4)             75 (68.2)  
   Concomitant MTX dose, mg/week, 
   mean (SD)                                           17.2 (5.0)            15.9 (4.6)  
   Any concomitant DMARD, 
   including MTX, n (%)                          91 (79.8)              92 (83.6)
   Corticosteroid use, n (%)                          42 (36.8)              47 (42.7)
   
aAssessment based on 28 joints. bCRP < 5 mg/l is the central laboratory
normal value. PBO: placebo; CZP: certolizumab pegol; CRP: C-reactive
protein; DAS28: 28-joint disease activity score; DMARD:
disease-modifying antirheumatic drug; MTX: methotrexate; SJC: swollen
joint count; TJC: tender joint count.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved.

 www.jrheum.orgDownloaded on April 9, 2024 from 

http://www.jrheum.org/


652 The Journal of Rheumatology 2014; 41:4; doi:10.3899/jrheum.130945
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved.

65.9%) and CZP (38.6% to 65.9%) groups (Table 2). Similar
results were observed in all patients, which included those
who had effective titers at baseline (Table 2).

The ability to mount a satisfactory response to pneumo-
coccal vaccination was evaluated in patients without
effective titers at baseline stratified by concomitant use of
MTX, any DMARD (including MTX), or corticosteroids,
and by age, sex, and baseline CRP levels. In general, the
percentage of patients who developed a satisfactory
response to pneumococcal antigens at Week 6 was numeri-
cally lower in the CZP group compared with the placebo
group (Table 3). In patients without effective titers at
baseline, both placebo and CZP patients who received
concomitant MTX had lower vaccine responses compared
with those who did not (CZP vs placebo: with concomitant
MTX, 44.4% vs 50.0%; without concomitant MTX, 80.0%
vs 89.3%; Table 3). Similarly, the response rates were
reduced in placebo and CZP patients with concomitant use
of any DMARD (including MTX; Table 3). The vaccine
response was similar in both placebo and CZP patients with
baseline CRP levels of ≤ 5 mg/l or > 5 mg/l, and in those
aged < 65 years (Table 3). Response rates were lower in

patients ≥ 65 years treated with CZP versus placebo (27.3%
and 44.4%, respectively), although the total patient number
in this group was small (Table 3; number of patients ≥ 65
years for each group varied between 9 and 12). Vaccine
responses were also lower in females compared with males
(Table 3).
Immune response to influenza vaccine. In patients without
effective titers at baseline, 61.4% of placebo and 53.5% of
CZP patients achieved a satisfactory humoral immune
response to influenza vaccine at Week 6 (difference in
proportions: –8.0 percentage points; 95% CI, –22.9 to 7.0%;
Figure 2). Vaccine responses were similar in all patients
(including those with effective titers at baseline), with
54.1% placebo and 50.5% CZP patients achieving a satis-
factory humoral immune response at Week 6 (difference in
proportions: –3.7 percentage points; 95% CI –17.0 to 9.7%;
Figure 2). Evaluation of percent mean changes from
baseline for individual antibody titers in CZP-treated
patients without effective titers at baseline showed there was
a > 4-fold increase for all antigens (Table 2). Meanwhile,
analysis in all CZP-treated patients (including those with
effective titers at baseline) showed a > 4-fold (400%)

Figure 2. Proportion of patients who achieved a satisfactory humoral immune responsea at Week 6b to
pneumococcal and influenza vaccination. aSatisfactory humoral immune response was defined as a ≥ 2-fold
titer increase postvaccination in ≥ 3 of 6 pneumococcal antigens (6B, 9V, 14, 18C, 19F, and 23F) and ≥ 4-fold
increase postvaccination for ≥ 2 of 3 influenza antigens [H1N1 (nonpandemic), H3N2, and B/Brisbane]. 
b Four weeks postvaccination. c Absence of effective antibody titers at baseline were defined as < 1.6 μg/ml
in ≥ 3 of the 6 pneumococcal antigens assessed, and < 1:40 in ≥ 2 of the 3 influenza antigens assessed. d All
patients includes patients without effective titers at baseline. PBO: placebo; CZP: certolizumab pegol.
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increase for H3N2 antigen and an almost 4-fold (≥ 390%)
increase for H1N1 and B/Brisbane antigens (Table 2). In the
placebo group, there was a > 4-fold increase from baseline
in mean antibody titers for all antigens in patients without
effective titers at baseline; a similar result was observed in
all patients, which included those with effective titers at
baseline (Table 2).

In patients without effective titers at baseline, 73.5% (CI
64.0 to 83.0%) of placebo and 64.0% (CI 53.8 to 74.1%) of
CZP patients developed satisfactory influenza titers at Week
6. In all patients (which included those with effective titers
at baseline), more than 70% developed satisfactory
influenza antibody titers at Week 6 in both placebo (77.1%;
CI, 69.2 to 85.0%) and CZP (71.0%; CI, 62.4 to 79.6%)
groups. When considering each antigen individually, the
percentage of patients without effective titers at baseline
who achieved a satisfactory humoral immune response to

the H1N1 and B/Brisbane antigens was similar in the
placebo and CZP groups at Week 6 (Table 2). In contrast, the
immune response to the H3N2 antigen was lower in the CZP
group compared with the placebo group (59.3% vs 77.1%,
respectively). Results were similar in all patients, which
included those with effective titers at baseline (Table 2).

In general, the proportion of patients without effective
titers at baseline who achieved a satisfactory humoral
immune response to influenza antigens at Week 6 was lower
in the CZP group compared with placebo for most stratifi-
cation subgroups [concomitant MTX, any DMARD
(including MTX), corticosteroids, age, and sex; Table 3].
The vaccine response was lower in both placebo and CZP
patients who received concomitant MTX compared with
those who did not (CZP vs placebo: with concomitant MTX,
45.8% vs 50.9%; without concomitant MTX, 70.4% vs
84.6%). Similarly, the response rates were reduced in

Table 2. Pneumococcal and influenza antigen antibody titer change from vaccine baseline (Week 2) to Week 6 and percentage of patients with a satisfactory
humoral response to each antigen at Week 6.

                              Patients Without Effective Antibody Titers at Baselinea                                                                   All Patientsb
                        n        Baseline Week 6              % Change                     % Pts                n    Baseline   Week 6            % Change                        % Pts
                                     Titerc     Titerc,d                    from                     Satisfactory                    Titerc      Titerc,d                 from                        Satisfactory
                                                                            Baselinec,d                   Humoral                                                            Baselinec,d                      Humoral
                                                                             (95% CI)                   Responsed                                                            (95% CI)                     Responsed
                                                                                                                (95% CI)                                                                                                  (95% CI)
  
Pneumococcal Antigen     
6B                                                                                                                                                                                                                                     
  PBO             88            0.4          1.2          319.4 (241.2–423.0)     48.9 (38.4–59.3)      110      0.5           1.5       287.6 (222.6–371.6)        45.5 (36.1–54.8)
  CZP             88            0.3          0.9          284.2 (218.5–369.8)     40.9 (30.6–51.2)      107      0.5           1.2       255.9 (204.0–321.0)        38.3 (29.1–47.5)
9V                                                                                                                                                                                                                                    
  PBO             88            0.4          1.4          381.7 (292.5–498.1)     52.3 (41.8–62.7)      110      0.5           1.5       327.9 (255.2–421.3)        49.1 (39.7–58.4)
  CZP             88            0.3          1.0          374.3 (299.2–468.3)     56.8 (46.5–67.2)      107      0.3           1.2       352.5 (288.6–430.5)        57.0 (47.6–66.4)
14                                                                                                                                                                                                                                     
  PBO             88            1.0          5.1          515.7 (378.1–703.3)     65.9 (56.0–75.8)      110      1.4           6.1       448.3 (342.7–586.4)        61.8 (52.7–70.9)
  CZP             88            1.1          3.7          344.4 (256.6–462.4)     47.7 (37.3–58.2)      107      1.4           4.6       333.1 (257.4–431.1)        46.7 (37.3–56.2)
18C                                                                                                                                                                                                                                   
  PBO             88            0.6          2.4          415.7 (310.7–556.2)     56.8 (46.5–67.2)      110      0.8           2.9       361.0 (274.9–474.0)        53.6 (44.3–63.0)
  CZP             88            0.6          2.6          429.8 (337.1–547.9)     65.9 (56.0–75.8)      107      0.8           3.3       404.2 (324.5–503.3)        64.5 (55.4–73.6)
19F                                                                                                                                                                                                                                   
  PBO             88            0.6          1.9          304.5 (240.5–385.5)     54.4 (41.1–64.9)      110      0.8           2.1       274.6 (220.4–342.0)        51.8 (42.5–61.2)
  CZP             88            0.6          1.6          271.8 (215.9–342.3)     44.3 (33.9–54.7)      107      0.7           1.9       260.3 (212.3–319.0)        43.9 (34.5–53.3)
23F                                                                                                                                                                                                                                   
  PBO             88            0.4          1.3          305.0 (241.0–385.9)     51.1 (40.7–61.6)      110      0.5           1.5       281.4 (225.9–350.4)        48.2 (38.8–57.5)
  CZP             88            0.4          1.0          279.2 (218.7–356.3)     38.6 (28.5–48.8)      107      0.5           1.3       272.8 (219.4–339.2)        39.3 (30.0–48.5)
Influenza Antigen                                                                                                                                                                                                            
H1N1 (nonpandemic)                                                                                                                                                                                                      
 PBO             83           11.8        84.3         717.3 (532.1–967.0)     57.8 (47.2–68.5)      109     16.7         89.7      536.8 (415.2–694.1)        50.5 (41.1–59.8)
  CZP             86           11.3        50.9         449.7 (344.5–587.1)     50.0 (39.4–60.6)      107     16.6         65.7      397.0 (313.0–503.7)        45.8 (36.4–55.2)
H3N2                                                                                                                                                                                                                               
  PBO             83           13.9       189.1      1361.0 (982.8–1884.9)   77.1 (68.1–86.1)      109     19.4        193.2    997.1 (745.0–1334.7)       70.6 (62.1–79.2)
  CZP             86           11.9        89.1        747.9 (544.1–1027.9)    59.3 (48.9–69.7)      107     16.4        105.0     641.5 (484.7–849.2)        57.0 (47.6–66.4)
B/Brisbane                                                                                                                                                                                                                       
  PBO             83            9.2         46.0         498.7 (382.3–650.5)     48.2 (37.4–58.9)      109     11.0         46.1      419.1 (333.4–526.8)        44.0 (34.7–53.4)
  CZP             86            9.1         41.3         456.3 (352.0–591.4)     47.7 (37.1–58.2)      107     11.0         43.1      390.6 (310.4–491.6)       44.9 (35.4–54.3) 

aAbsence of effective antibody titers at baseline were defined as < 1.6 µg/ml in ≥ 3 of the 6 pneumococcal antigens assessed, and < 1:40 in ≥ 2 of the 3
influenza antigens assessed. bAll patients includes patients without effective titers at baseline. cGeometric mean. d4 weeks postvaccination. PBO: placebo;
CZP: certolizumab pegol; Pts: patients.                      
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placebo and CZP patients with concomitant use of any
DMARD (including MTX; Table 3). The vaccine response
was similar in CZP patients with baseline CRP levels of ≤ 5
mg/l or > 5 mg/l, and those who were aged < 65 years;
results were comparable in the placebo group (Table 3). The
response rate was lower in CZP patients ≥ 65 years
compared with CZP patients < 65 years, but a meaningful
comparison is limited by the much lower number of patients
in the ≥ 65-year-old group. Vaccine responses were lower in
females compared with males (Table 3).
Adverse events and safety. Overall, no notable differences
were observed in the incidence of AE between placebo and
CZP groups during the RCT (62.3% vs 63.6%, respectively;
Table 4). The majority of AE in both groups were mild
(36.8% placebo vs 40.0% CZP) or moderate (21.9% placebo
vs 20.9% CZP) in intensity. The most frequent AE reported
during the RCT were nasopharyngitis and headaches, which
occurred in 5.3% of placebo and 9.1% of CZP patients and
13.2% of placebo and 7.3% of CZP patients, respectively
(Table 4). Nasopharyngitis and upper respiratory tract
infection were the most frequently reported AE in all CZP
patients, including those treated during both the RCT and
OLE, and occurred in 14.2% and 13.7% of these patients,
respectively. AE considered by the investigator as possibly
drug-related were similar between placebo and CZP groups
during the RCT (21.9% vs 24.5%, respectively; Table 4).

Injection site pain, associated with randomized treatment
(i.e., not vaccination) was reported in 3.5% of patients in the
placebo group, in no patients in the RCT CZP group, and in

4.1% of CZP-treated patients overall (RCT and OLE,
including placebo patients that entered the OLE). Injection
site reaction associated with randomized treatment, besides
pain, occurred in no patients in the placebo group, 4.5% of
RCT CZP patients, and in 4.6% of CZP-treated patients
overall. Upper respiratory tract infections occurred in 6
patients (5.3%) in the placebo group and 4 patients (3.6%)
in the CZP group.

During the RCT, serious AE occurred in 1 patient (0.9%)
in the placebo group (chordoma that led to study
withdrawal) and in 2 patients (1.8%) in the CZP group (1
case of fatal bladder cancer diagnosed 14 days after initial
CZP dose, with previous history of hematuria, that led to
study withdrawal and 1 case of new transient ischemic
attack and carotid artery stenosis, considered unrelated by
the investigator). Serious AE occurred in 6.8% of
CZP-treated patients overall (combined RCT and OLE).
There were no cases reported in the category of tuberculosis
(TB) in either group during the RCT, although 2 cases
(0.9%) were reported during the OLE after CZP treatment.
One CZP-treated patient (who had a negative purified
protein derivative skin TB test at screening) developed a
positive TB test (latent TB at Day 50). The patient was a
hospital worker who was exposed to a patient with TB
during the study, after which they tested positive for TB by
means of a QuantiFERON-TB-Gold test; the patient was
treated with isoniazid and discontinued from CZP treatment
on Day 71. The event was considered unrelated to the study
drug by the investigator and was resolving after treatment.

Table 3. Satisfactory humoral immune response to pneumococcal and influenza vaccines at Week 6a by stratification subgroups in patients without effective
antibody titers at baselineb.

Pneumococcal Response Influenza Response
Treatment                                 PBO n/N (%) (95% CI)          CZP n/N (%) (95% CI)            PBO n/N (%) (95% CI)                  CZP n/N (%) (95% CI)
                                                                                                                                                                                                                            
Concomitant MTX use                                                                                                                                                                                        
  Yes                                        30/60 (50.0) (37.3–62.7)        28/63 (44.4) (32.2–56.7)          29/57 (50.9) (37.9–63.9)                27/59 (45.8) (33.1–58.5)
  No                                        25/28 (89.3) (77.8–100.0)       20/25 (80.0) (64.3–95.7)          22/26 (84.6) (70.7–98.5)                19/27 (70.4) (53.1–87.6)
Any DMARD use (including MTX)                                                                                                                                                                   
  Yes                                        39/70 (55.7) (44.1–67.4)        37/74 (50.0) (38.6–61.4)         37/66 (56.1) (44.1–68.0)                35/71 (49.3) (37.7–60.9)
  No                                        16/18 (88.9) (74.4–100.0)      11/14 (78.6) (57.1–100.0)        14/17 (82.4) (64.2–100.0)               11/15 (73.3) (51.0–95.7)
Corticosteroid use                                                                                                                                                                                                
  Yes                                        22/33 (66.7) (50.6–82.8)        23/38 (60.5) (45.0–76.1)          17/29 (58.6) (40.7–76.5)                18/38 (47.4) (31.5–63.2)
  No                                         33/55 (60.0) (47.1–72.9)        25/50 (50.0) (36.1–63.9)          34/54 (63.0) (50.1–75.8)                28/48 (58.3) (44.4–72.3)  
CRP level      
  ≤ 5 mg/lc                              24/44 (54.5) (39.8–69.3)       24/40 (60.0) (44.8–75.2)         26/41 (63.4) (48.7–78.2)               21/42 (50.0) (34.9–65.1)  
  > 5 mg/l                               31/44 (70.5) (57.0–83.9)       24/48 (50.0) (35.9–64.1)         25/42 (59.5) (44.7–74.4)               25/44 (56.8) (42.2–71.5)  
Age                                                            
  < 65 yrs                               51/79 (64.6) (54.0–75.1)       45/77 (58.4) (47.4–69.4)         46/72 (63.9) (52.8–75.0)               41/74 (55.4) (44.1–66.7)  
  ≥ 65 yrs                                 4/9 (44.4) (12.0–76.9)           3/11 (27.3) (1.0–53.6)             5/11 (45.5) (16.0–74.9)                 5/12 (41.7) (13.8–69.6)  
Sex                                                             
  Male                                    16/24 (66.7) (47.8–85.5)         9/15 (60.0) (35.2–84.8)           14/18 (77.8) (58.6–97.0)                10/14 (71.4) (47.8–95.1)
  Female                                  39/64 (60.9) (49.0–72.9)        39/73 (53.4) (42.0–64.9)          37/65 (56.9) (44.9–69.0)                36/72 (50.0) (38.5–61.5)

a Four weeks postvaccination. b Absence of effective antibody titers at baseline was defined as < 1.6 µg/ml in ≥ 3 of the 6 pneumococcal antigens assessed,
and < 1:40 in ≥ 2 of the 3 influenza antigens assessed. c CRP < 5 mg/l is the central laboratory normal value. CRP: C-reactive protein; PBO: placebo; CZP:
certolizumab pegol; DMARD: disease-modifying antirheumatic drug; MTX: methotrexate.  
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Another CZP-treated patient had a history of latent TB and
was treated for 4 months with isoniazid before inclusion into
the trial. This patient had a negative baseline Quanti-
FERON-TB-Gold TB test and normal chest radiograph, but
developed suspected pulmonary TB and pulmonary
granuloma at Day 200 of the study based on chest
radiograph. The case was resolving by the end of the study,
after hospitalization and treatment for TB, and the event was
considered related to study drug by the investigator.

As mentioned, 1 patient developed a fatal bladder cancer
diagnosed 14 days after starting CZP treatment, the single
death in the CZP group. This event was considered unrelated
to the study drug. There were no deaths reported in the
placebo group.

DISCUSSION
These data demonstrate that humoral immune responses to
pneumococcal and influenza vaccines are maintained in
patients with RA receiving treatment with CZP. At 4 weeks
after vaccination, most patients (60% to 80%) in both
treatment groups developed satisfactory pneumococcal and
influenza antibody titers. Further, results were similar in all
patients, which included those with previous effective
antibody titers, and in the subset of patients without
previous effective titers. 

Discordant immune response to vaccination has been
reported in patients with RA treated with some TNF inhibitors
and concomitant DMARD. In our study, humoral immune
responses to pneumococcal and influenza vaccines were
lower in CZP and placebo patients who received concomitant

MTX compared with those who did not. These results are
expected, given that 68% of patients in the study had
concomitant use of MTX at baseline, and are consistent with
previous studies with other TNF inhibitors, which reported
reduced response rates to influenza and pneumococcal
vaccines in RA patients with concomitant MTX use18,20.

Concomitant use of corticosteroids or baseline CRP level
did not affect the humoral immune response to pneumo-
coccal and influenza vaccination in either treatment group.
Other studies have reported similar results, with no associ-
ation between influenza vaccine response and use of
immunosuppressants/steroids in patients with RA39, and
between pneumococcal vaccine response and measures of
disease activity40. In line with other studies, the differences
in responses observed in subgroups based on variables such
as age and sex were not considered clinically relevant41.
Alternatively, too few patients may be present in these
patient subgroups to draw meaningful conclusions.

Previous analyses of pneumococcal vaccine response in
healthy subjects have shown variability in humoral immune
response to individual antigens, where not all patients
responded to all antigens with a ≥ 2-fold increase in
antibody titers42. Results in our study showed some
variability in response to different pneumococcal antigens
among patients with RA treated with CZP or placebo.
However, a ≥ 2-fold increase in response to each of the 6
pneumococcal antigens was observed in about 40% to 60%
of patients in both treatment groups, suggesting that patients
with RA are able to develop an effective humoral immune
response at 4 weeks after vaccination.

Table 4.  Treatment-emergent AE up to Week 6a (safety population) of the RCT and for all patients treated with
CZP in both the RCT and OLE periods.

PBO, n = 114 CZP, n = 110 All CZP RCT + OLEb, 
n = 219

Duration of exposure, days, mean (SD) 43.0 (4.9) 43.2 (5.5) 190c
Any AE, n (%d) 71 (62.3) 70 (63.6) 202 (92.2)
Any AE by maximum intensity, n (%d)

Mild 42 (36.8) 44 (40.0) 76 (34.7)
Moderate 25 (21.9) 23 (20.9) 102 (46.6)
Severe 4 (3.5) 3 (2.7) 24 (11.0)

Drug-related AEe, n (%d) 25 (21.9) 27 (24.5) 101 (46.1)
Most frequent AEf

Nasopharyngitis 6 (5.3) 10 (9.1) 31 (14.2)
Headache 15 (13.2) 8 (7.3) 28 (12.8)

Discontinuations due to AE, n (%d) 1 (0.9) 3 (2.7) 18 (8.2)
Serious AE, n (%d) 1 (0.9) 2 (1.8) 15 (6.8)
Serious infections and infestations, n (%d) 0 0 8 (3.7)

Tuberculosis 0 0 2 (0.9)
No. deaths, n (%d) 0 1 (0.9) 1 (0.5)

a Four weeks postvaccination. b The data from the OLE phase includes events experienced by PBO patients who
entered the OLE phase. c Median exposure to CZP throughout SB and OLE periods. d Percent of patients in
group. e AE considered related or possibly related to study drug by the investigator. f AE occurring in ≥ 5% of
patients in CZP group. AE: adverse event; RCT: randomized controlled trial; CZP: certolizumab pegol; SB: 
single-blind phase; OLE: open-label period; PBO: placebo.
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Good humoral immune response to the influenza vaccine
has been reported previously in patients with RA, although
the responses were lower than in healthy controls43. In our
study, the majority of patients without effective titers at
baseline achieved a satisfactory humoral immune response
to the influenza vaccine, with no apparent differences
between the 2 treatments. In addition, there was a ≥ 4-fold
increase in antigen titers for each of the 3 influenza antigens
in both treatment groups 4 weeks after vaccination, with a
slightly less than 4-fold increase for the B/Brisbane and
H1N1 antigens in the CZP treatment group, in all patients
(including those with effective titers at baseline).

The safety profile of CZP in our study was consistent
with that seen in previous trials26,27,28,31,33,44,45, with a low
incidence of discontinuations due to AE. The incidence of
AE and serious AE was comparable in CZP and placebo
groups, with no new safety signals detected during the
7.5-month followup of our study (RCT plus OLE). The
incidence of injection site pain and injection site reactions
was low in the CZP group (no patients and 4.5% patients,
respectively, in the RCT) and comparable with placebo
(3.5% and no patients, respectively, in the RCT). This is
similar to the previously reported range of 2–3% for
injection site pain and 0.8–1.3% for injection site reaction in
the RAPID 1 CZP group27.

Patients with RA developed effective antibody responses
to pneumococcal and influenza vaccines, with comparable
responses between CZP and placebo groups, 4 weeks after
vaccination. These findings indicate that patients with RA
receiving CZP treatment, including those concurrently
receiving the loading dose, can mount an appropriate
response to pneumococcal and influenza vaccines.
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