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Table 68. Placebo-Controlled Studies of MS: Incidence of Serious Infections 

Preferred Term  Placebo  Natalizumab 
Number of Subjects Dosed  1135 (100.0%)  1617 (100.0%) 
Number of Subjects with a Serious Infection 26 (2.3%)  39 (2.4%) 
Event   

Appendicitis  3 (0.3%)  6 (0.4%) 
Urinary tract infection NOS  2 (0.2%)  6 (0.4%) 
Pneumonia NOS  2 (0.2%)  3 (0.2%) 
Viral infection NOS  0  3 (0.2%) 
Infection NOS  1 (<0.1%)  2 (0.1%) 
Pyelonephritis NOS  1 (<0.1%)  2 (0.1%) 
Sinusitis NOS  1 (<0.1%)  2 (0.1%) 
Urosepsis  1 (<0.1%)  2 (0.1%) 
Abdominal abscess NOS  0 1 (<0.1%)  
Bronchopneumonia NOS  0 1 (<0.1%)  
Cellulitis streptococcal  0 1 (<0.1%)  
Condyloma acuminatum  0 1 (<0.1%)  
Febrile infection  0 1 (<0.1%)  
Gastroenteritis cryptosporidial 0 1 (<0.1%)  
Hepatitis B  0 1 (<0.1%)  
Infectious mononucleosis  0 1 (<0.1%)  
Lobar pneumonia NOS  0 1 (<0.1%)  
Osteomyelitis NOS  1 (<0.1%)  1 (<0.1%)  
Pilonidal sinus infected  0 1 (<0.1%)  
Pneumonia primary atypical  0 1 (<0.1%)  
Progressive multifocal leukoencephalopathy 0 1 (<0.1%)  
Sinusitis chronic NOS  0 1 (<0.1%)  
Tonsillitis acute NOS  0 1 (<0.1%)  
Abscess intestinal  1 (<0.1%)  0 
Bladder infection NOS  1 (<0.1%)  0 
Bronchial infection  1 (<0.1%)  0 
Cystitis NOS  2 (0.2%)  0 
Erysipelas  2 (0.2%)  0 
Gastroenteritis NOS  1 (<0.1%)  0 
Gastroenteritis viral NOS  2 (0.2%)  0 
Influenza  1 (<0.1%)  0 
Nasopharyngitis  1 (<0.1%)  0 
Pyelonephritis acute NOS  1 (<0.1%)  0 
Skin and subcutaneous tissue abscess NOS 2 (0.2%)  0 

NOTE 1: Numbers in parentheses are percentages. 
2: A subject was counted only once within each preferred term. 
3: Preferred terms are presented by decreasing incidence in the Natalizumab column within each system organ class. 
(Values in the table above are taken from page 188 of the Summary of Clinical Safety) 
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Post-Marketing 
The post-marketing reports of serious infections are shown in the table below.   
Table 69.  Frequency of Serious Infections by Infection Type in Post-Marketing 

 
HCP:  Health Care Provider 
 
Pneumonia was the most common serious infection reported for patients who received 
natalizumab-in the post-marketing setting.  Pneumonias were reported for 0.11% (8/7000) of 
the patients who are estimated to have received natalizumab in the post-marketing setting.  
None of these patients was reported to have atypical organisms causing their infections, 
although a specific pathogen was not reported in any of the cases. 
 
Urinary tract infections were the second most frequently reported serious infection; urinary tract 
infection was reported in two patients and cystitis in an additional two patients. Organisms were 
not reported for any of the urinary tract infection cases.  
 
There were two reported cases of herpes meningitis/encephalitis. The case of encephalitis 
caused by HSV-2 resulted in death. (The narratives for these two cases were provided in the 
Clinical Briefing Document by Drs. Alice Hughes and Susan S. McDermott for the March 7 to 
March 8, 2006 Advisory Committee.) 

Summary of Infections 
Overall infection incidence was higher in the natalizumab-treated group than the placebo-
treated group (40.4% vs. 36.2%) in CD short-term placebo-controlled studies, but was balanced 
in the MS placebo-controlled studies (73.7% vs. 73.9%). 
 
Serious infections occurred at approximately the same rate in both the short term placebo 
controlled CD studies (natalizumab 2.5% vs. placebo 2.4%) and the in the placebo-controlled 
MS studies (natalizumab 2.4% vs. placebo 2.3%).   
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Atypical infections reported in CD studies included a CMV colitis case, and opportunistic 
pulmonary infections (mycobacterium avium intracellulare, pneumocystis carinii, aspergillus, 
and burkholderia cepacia).  In addition, two cases of viral meningitis, a varicella pneumonia, 
and two cases of herpes zoster were reported in CD studies.  A cryptosporidial gastroenteritis 
case was reported in an MS study.  Two reports of herpes meningitis/ encephalitis occurred  in 
the postmarketing setting. 
 
No clear relation of the incidence of overall infections, serious infections, or atypical infections 
was found with the number of infusions or with concomitant immunosuppressant and/or steroid 
use.  
 

Immunogenicity 

A screening ELISA assay was used followed by a cell-based blocking assay in those who were 
screening antibody positive and had no detectable natalizumab in the serum. In general, blood 
was drawn for determination of anti-natalizumab antibodies every 12 weeks in the Phase 3 MS 
and CD studies.   

CD Studies 

The sponsor assessed the incidence of anti-natalizumab antibodies in the Phase 3 CD studies 
(CD301, CD303, CD306, CD307, and CD351). In these studies, 10.3% (130/1258) of subjects 
assessed had anti-natalizumab antibodies at one or more time points, and 8.5%% (107/1258) of 
subjects were characterized as persistently positive (positive at two or more time points 
separated by at least 42 days or at the last time point tested), for anti-natalizumab antibodies.  

Antibody Development by Concomitant Medications – Studies CD301 & CD307  
Antibody development in Study CD301 and Study CD307 was higher in subjects receiving 
monotherapy versus those receiving concomitant steroids or concomitant immunosuppressants. 
 
Table 70.  Anti-Natalizumab Antibody Development* by Concomitant Medications (CD301 and CD307) 
 Monotherapy  Concomitant  

Steroids  
Concomitant 

Immunosuppressants  
CD301 ITT 12% (39/315) 5 % (8/161) 2 % ( 6/247) 
CD307 ITT 13% (11/85) 10 % (7/67) 5 % (4/88) 
* any visit after Baseline to Week 12 
(Values in table above for CD301 taken from Page 2699 of Study CD301 Report; values in table above for CD307, 
taken from Page 232 of Study CD307 Report.) 
 
Clinical response appeared to be decreased in those with positive antibodies.  
Table 71.  Clinical Response by Antibody Status (CD301 and CD307)  

 Study  Antibody (+)  Antibody(-) 
CD301 ITT:  Clinical Response Wk 10 43% (17/40) 58% (349/599) 
CD307 ITT:  Clinical Response Wks 8 & 12 41% ( 9/22) 50% (108/218) 
 (Values in table above for Study CD301 taken from Page 850 of Study CD301 Report; values in table above for 
Study CD307 taken from Page 654 of Study CD307 Report). 
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The sponsor monitored the formation of anti-natalizumab antibody formation in selected CD 
studies and assessed the impact of anti-natalizumab antibody formation on AEs, focusing on 
infusion reactions and hypersensitivity reactions.  Antibodies were characterized as being either 
present or absent, with no distinction between persistent and transient positivity.  In Studies 
CD301 and CD307, 9.0% (81/899) subjects who were dosed and had an ELISA assay, tested 
positive for screening anti-natalizumab antibodies. (No distinction was made between persistent 
and transient positivity; antibodies were characterized as being either present or absent.)   
 
Most common AEs (antibody-positive vs. antibody-negative) were:  Crohn’s disease (17.3 vs. 
7.9%), pruritus (7.4 vs. 2.6%), rash NOS (7.4 vs. 3.7%), urticaria (7.4 vs. 1.0%), rigors (6.2 vs. 
1.7%), chest pain (6.2 vs. 2.1%), peripheral edema (6.2 vs. 2.4%), and flushing (4.9 vs. 1.0%).  
The higher incidence of Crohn’s disease in those that are antibody-positive suggests that 
presence of anti-natalizumab antibody may decrease the therapeutic effect of natalizumab. 
 
Infusion reactions in CD Studies 301 and 307 were strongly associated with anti-natalizumab 
antibody formation. Infusion reactions were reported in 35.8% (29/81) of subjects who tested 
positive for anti-natalizumab antibodies compared to 8.8% (72/818) of antibody-negative 
subjects.  The most commonly reported infusion reactions, all of which occurred substantially 
more frequently in antibody-positive patients compared to antibody-negative patients, were 
urticaria NOS (7.4% of anti-natalizumab antibody-positive patients vs. 0.7% of antibody-
negative patients), pruritus (7.4% vs. 0.5%), nausea (6.2% vs. 1.1%), flushing (4.9% vs. 0.4%), 
and dyspnea (5.0% vs. 0.4%).   
 
Hypersensitivity NOS was reported in 2 (2.5%) anti-natalizumab antibody-positive patients, 
compared to 0.5% (4) of antibody-negative patients. One anaphylactic reaction was reported in 
1 patient (1.2%) who tested positive for anti-natalizumab antibodies versus none in those who 
tested negative.  

MS Studies 

In the combined Phase 3 MS studies, similar results were found to those of the CD studies.  Of 
the 1210 evaluated natalizumab-treated subjects, 127 (10.5%) had a positive anti-natalizumab 
antibody titer at least once during the studies of whom 75 (6.2%) subjects had persistently 
positive titers.  
 
The sponsor also monitored the formation of anti-natalizumab antibody formation in the Phase 
3 MS studies and assessed the impact of anti-natalizumab antibody formation on adverse 
events, focusing on infusion reactions and hypersensitivity reactions.   
 
Most common AEs in the persistently positive subjects were MS relapse (57.3 vs. 34.7% 
antibody negative), headache (40.0 vs. 40.0%), nasopharyngitis (37.3 vs. 35.4%), fatigue (30.7 
vs. 29.3%), back pain (28.0 vs. 20.8%), nausea (25.3 vs. 14.7%), arthralgia (24.0 vs. 19.9%), 
rigors (22.7 vs. 2.3%), and pain in extremity (20.0 vs. 18.8%). The higher incidence of MS 
relapse and neurological symptoms in subjects persistently positive for anti-natalizumab 
antibodies could reflect diminished therapeutic effect of natalizumab in these subjects. 
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Six of the 7 subjects with the preferred term hypersensitivity NOS were persistently antibody 
positive and the remaining subject was antibody negative. The hypersensitivity systemic 
reactions reported as anaphylactic/anaphylactoid reactions occurred in 5 (0.4%) natalizumab-
treated subjects of whom 4 were persistently antibody positive and one transiently antibody 
positive. 
 
The infusion reactions by preferred term with a higher incidence in the persistently antibody-
positive group include, in addition to those already reported, headache  (persistently antibody-
positive vs. overall: 16.0 vs. 4.7%), flushing (10.7 vs. 1.2%), dizziness (6.7 vs. 2.9%), tremor 
(5.3 vs. 0.3%), tachycardia NOS (5.3 vs. 0.4%), hypotension (4.0 vs. 0.6%), dyspnea (5.3 vs. 
0.3%), nausea (17.3 vs. 2.3%), vomiting (6.7 vs. 0.5%), urticaria (13.3 vs. 1.4%), pruritus (6.7 
vs. 1.2%), rigors (20.0 vs. 1.4%), pyrexia (4.0 vs. 0.7%), feeling cold (5.3 vs. 0.3%), back pain 
(4.0 vs. 0.4%), and chest pain (4.0 vs. 0.4%) . 

Summary of Immunogenicity 

Anti-natalizumab antibody positivity occurred at approximately 10%, based on at least once 
every 12 weeks testing.  In Studies CD301 and CD307, antibody development appeared to be 
higher in subjects receiving monotherapy versus those receiving concomitant steroids or 
concomitant immunosuppressants.  Clinical response appeared to be decreased in subjects with 
positive antibodies. 
  
In both the MS and CD study populations, anti-natalizumab antibody positivity was associated 
with infusion reactions (such as headache, nausea, urticaria, flushing, pruritus, and fatigue) at a 
higher incidence than in those that were antibody-negative.  In both the MS and CD study 
populations, anti-natalizumab antibody positivity was also associated with hypersensitivity 
reactions and with anaphylactic/anaphylactoid reactions at a higher incidence than in those that 
were antibody-negative.   
 

Hypersensitivity 

Natalizumab was associated with an increased risk for hypersensitivity reactions in both MS 
and CD trials. As described above, these events were highly associated with the development of 
anti-natalizumab antibodies. These reactions occurred most frequently during or immediately 
after the second infusion.  Hypersensitivity events occurring within the 2-hour infusion reaction 
window were defined in the study protocols as acute hypersensitivity reactions.   
 
Overall, the incidence of hypersensitivity in the placebo controlled CD trials (CD301 and 
CD307) was 3.5% and the rate in the MS placebo controlled trials (1801, 1802 and 1803) was 
4.2%.   During the first seven infusions in MS placebo-controlled studies, 4.6% of natalizumab-
treated subjects and 1.9% of placebo-treated subjects developed a skin or subcutaneous tissue 
disorder infusion reaction, the most frequently reported of which was urticaria (in 1.6% of 
natalizumab-treated subjects and 0.3% of placebo-treated subjects). In the CD placebo-
controlled studies, urticaria occurred as an infusion reaction in 1.2% of natalizumab-treated 
subjects and 0.2% of placebo-treated subjects.  
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Anaphylactic reactions in CD placebo-controlled studies occurred in <0.1% (1) natalizumab-
treated and in no placebo-treated subjects; one additional case occurred during the first infusion 
in CD251 (approximately 300 days after receiving four infusions in the prior CD study).  
Anaphylactic reactions in MS placebo-controlled studies occurred in 0.4% (6) of natalizumab-
treated and 0.2% (2) of placebo-treated subjects; symptoms in all the cases resolved with 
appropriate therapy without clinical sequelae.    
 

Carcinogenicity 

Because natalizumab interferes with lymphocyte trafficking and because tumor 
immunosurveillance is mediated by T lymphocytes, there is the potential for natalizumab to 
increase the risk for malignancies. Also, immunosuppressant agents such as azathioprine and 6-
MP have been shown to increase the risk for malignancy. 

CD Studies 

A total of 7 (0.6%) malignancies occurred in natalizumab-treated CD subjects in contrast to 1 
(0.2%) in the placebo-treated (see tables below).   
 

Table 72.  Short-Term Placebo-Controlled Treatment Studies of Active CD: Rate of Malignancies  

 Placebo Natalizumab 
Number of Subjects Dosed  506 1182 
Number of Subjects with a Malignancy  1  7  
Total Person-Years  166.28 438.3 
Annualized Rate* 0.60 1.60 
Event   

Lung adenocarcinoma NOS  0 2 (0.46)  
Bladder cancer NOS  0 1 (0.23)  
Breast cancer NOS  0 1 (0.23)  
Breast cancer invasive NOS  0 1 (0.23)  
Colon cancer NOS  0 1 (0.23)  
Malignant melanoma  0 1 (0.23)  
Uterine cancer NOS  1 (0.60)  0 

* Annualized Rate:  per 100 person-years 
NOTE 1: Entries are no. of events (event rate). Event rate = (total no. of events / total person-years) x 100.  

2: Preferred terms are presented by decreasing rate in the Natalizumab column. 
(Values in the table above are taken from Page 231 of the Summary of Clinical Safety.) 
 
In the short-term placebo-controlled CD study population, natalizumab-treated subjects had a 
higher incidence of malignancies than placebo-treated subjects (incidence: natalizumab 0.6% 
vs. placebo 0.2%) and a higher rate of malignancies (rate:  natalizumab 1.60 events per 100 
person-years vs. placebo 0.60 events per 100 person-years). 
 
An additional nine malignancies were diagnosed in subjects who received natalizumab in long 
term dosing studies in CD as follows: basal cell carcinoma of the skin (3 cases), squamous cell 
carcinoma of the skin (2), uterine carcinoma (2), breast ductal carcinoma in situ (1), clear cell 
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renal cell carcinoma (1), metastatic rectal carcinoma (1).  A long term control group was not 
available for comparison.  No clear relation with number of infusions was found. 

MS Studies 

The incidence and rate of malignancies in placebo-controlled studies of MS are shown in the 
tables below. 
 

Table 73.  Placebo-Controlled Studies of MS: Rate of Malignancies 
Preferred Term  Placebo  Natalizumab  
Number of Subjects Dosed  1135 1617 
Number of Subjects with an Event  15  11 
Total Person-Years  2060.36 2910.37 
Annualized Rate* 0.73 0.38 
Event    

Basal cell carcinoma  4 (0.19)  4 (0.14)  
Breast cancer NOS  3 (0.15)  3 (0.10)  
Breast cancer in situ  1 (0.05)  1 (0.03)  
Cervical carcinoma stage 0  0 1 (0.03)  
Colon cancer NOS  0 1 (0.03)  
Metastatic malignant melanoma  0 1 (0.03)  
Breast cancer metastatic  1 (0.05)  0 
Breast cancer stage III  1 (0.05)  0 
Malignant melanoma  2 (0.10)  0 
Malignant pleural effusion  1 (0.05)  0 
Secretory adenoma of pituitary  1 (0.05)  0 
Squamous cell carcinoma of skin  1 (0.05)  0 

* Annualized Rate:  per 100 person-years 
NOTE  
1: Entries are no. of events (event rate). Event rate = (total no. of events / total person-years) x 100.  
2: Preferred terms are presented by decreasing rate in the Natalizumab column.  
(Values in the table above are taken from page 224 of the Summary of Clinical Safety.) 
 
The incidence and rate of malignancies were balanced across the treatment groups in the MS 
study population.  In the placebo-controlled MS study population, incidence of malignancies in 
the natalizumab group was 0.7% and in the placebo group was 1.3%; rate of malignancies in the 
natalizumab group was 0.38 per 100 person-years and in the placebo group was 0.73 per 100 
person-years. 

Pooled MS and Active CD (Placebo-Controlled Studies) 

The incidence and rate of malignancies in the pooled placebo-controlled studies of MS and 
placebo-controlled studies of active CD is shown in the table below. 
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Table 74.  Placebo-Controlled Studies of MS and of Treatment Studies of Active CD: Rate of Malignancies 

Preferred Term  Placebo  Natalizumab  
Number of Subjects Dosed  1641 2799 
Number of Subjects with a Malignancy  16  18  
Total Person-Years  2226.64 3348.66 
Annualized Rate* 0.72 0.54 
Event    

Basal cell carcinoma  4 (0.18)  4 (0.12)  
Breast cancer NOS  3 (0.13)  4 (0.12)  
Colon cancer NOS  0 2 (0.06)  
Lung adenocarcinoma NOS  0 2 (0.06)  
Bladder cancer NOS  0 1 (0.03)  
Breast cancer in situ  1 (0.04)  1 (0.03)  
Breast cancer invasive NOS  0 1 (0.03)  
Cervical carcinoma stage 0  0 1 (0.03)  
Malignant melanoma  2 (0.09)  1 (0.03)  
Metastatic malignant melanoma  0 1 (0.03)  
Breast cancer metastatic  1 (0.04)  0 
Breast cancer stage III  1 (0.04)  0 
Malignant pleural effusion  1 (0.04)  0 
Secretory adenoma of pituitary  1 (0.04)  0 
Squamous cell carcinoma of skin  1 (0.04)  0 
Uterine cancer NOS  1 (0.04)  0 

* Annualized Rate:  per 100 person-years 
NOTE  
1: Entries are number of events (event rate). Event rate = (total no. of events / total person-years) x 100.  
2: Preferred terms are presented by decreasing rate in the Natalizumab column.  
(Values in the table above are taken from Page 240 of the Summary of Clinical Safety.) 
 
In placebo-controlled MS and CD studies pooled, 18 natalizumab-treated subjects (0.6%) and 
16 placebo-treated subjects (1.0%) developed malignancies. The overall rate of malignancy in 
natalizumab-treated subjects was 0.54 per 100 person-years (18/3349.0 person-years) compared 
to 0.72 per 100 person-years (16/2226.0 person-years) in the placebo group. 

Concomitant Medications 

No clear relationship between malignancies and concomitant steroids and/or 
immunosuppressants in the natalizumab-treated group of short-term placebo-controlled CD 
studies was found.  Of the total of seven malignancies in the natalizumab-treated group, two 
were treated with monotherapy, two with concomitant immunosuppressants, two with 
concomitant steroids, and one with concomitant immunousppressants and steroids.  However, 
the number of subjects in each of the subgroups is small, making a determination difficult. 

Post-marketing 

The table below shows the frequency of malignancies by malignancy type in the post-marketing 
setting. 
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Table 75.  Frequency of Malignancies By Malignancy Type in Post-Marketing 

 
HCP:  Health Care Professional 
(Table above is taken from Page 499 of the Summary of Clinical Safety.) 
 
The first was a case of ovarian cancer that was discussed in the Deaths section; the case of 
ovarian cancer was diagnosed just one month after the patient’s first natalizumab infusion.  
Each of the cases occurred shortly before market suspension, and with concomitant Avonex® 
therapy.  The second case was of melanoma of the left knee that was removed.  The case of skin 
cancer was a cancerous mole on the belly button region that resolved with outpatient surgery to 
remove the mole.  The other skin cancer was of the face that has not yet resolved; that patient 
had an outpatient colonoscopy that revealed a pre-cancerous polyp in the colon. The very short 
treatment periods of TYSABRI® due to its market suspension make a causal relationship with 
the drug in the development of each of the malignancies unlikely. 

Summary of Carcinogenicity 

The rates of malignancies were higher in the natalizumab-treated group than in the placebo-
treated group in short-term placebo-controlled CD studies (natalizumab: 1.60 per 100 person-
years vs. placebo: 0.60 per 100 person-years), but the rates in the placebo-controlled MS studies 
were balanced across treatment groups (natalizumab: 0.38 per 100 person-years vs. placebo: 
0.73 per 100 person-years), and the rates in the pooled MS and active CD placebo-controlled 
studies were balanced across treatment groups (natalizumab: 0.54 per 100 person-years vs. 
placebo: 0.72 per 100 person-years).  No clear increase in risk of malignancy was found with 
natalizumab treatment; however, the effects of natalizumab exposure beyond two years are 
unknown in the clinical trial setting, and there may be effects that may require longer periods of 
time to occur.  
 
No clear relation between malignancies and concomitant immunosuppressant and/or steroid use 
was appreciated; however, the analyses are limited by the small numbers of subjects with 
malignancies in each of the concomitant medication categories.   
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Discussion and Conclusions 
 

Efficacy Summary  
Induction 

In the first induction study (Study CD301), the proportion of patients experiencing a clinical 
response (CDAI decrease ≥70) at Week 10 was 7.8% higher for natalizumab than for placebo, 
but statistical significance was not reached (56.4% vs. 48.6%; p=0.051).  In a post-hoc analysis 
of a subset of patients with CRP >2.87 mg/L (73% of the ITT population), the proportion that 
experienced a clinical response at Week 10 was 12.8% higher for natalizumab than for placebo 
(57.6% vs. 44.8%; nominal p=0.007).  (The Sponsor’s rationale for using elevated CRP levels 
was that CRP is a marker for ongoing inflammation.) 

In the second induction study (Study CD307), an elevated CRP population was prospectively 
selected to confirm the results of CD301.  The proportion attaining a clinical response at Weeks 
8 and 12 was 15.5% higher for natalizumab than for placebo (47.9% vs. 32.4%; p<0.001).   

Maintenance 

In the maintenance study (Study CD303), responders from Study CD301 were re-randomized to 
natalizumab or placebo; the proportion of patients maintaining clinical response through an 
additional six months was 33% higher for natalizumab than for placebo (61.3% vs. 28.2%; 
p<0.001).  In a post-hoc analysis of the subset of patients that had an elevated CRP at baseline 
of Study CD301, the results were similar: the proportion of patients maintaining clinical 
response through an additional six months was 35% higher for natalizumab than for placebo 
(60.5% vs. 25.8%; p<0.001). 

Subgroup analyses 
Subgroup analyses were done in each of the studies based on baseline medication use, prior 
medication use, and reported response to prior therapies.  In general, the treatment effects 
appeared to be fairly similar to that of the respective overall study population.  This suggests 
that the treatment effect would be expected to be preserved for these subgroups, but the 
analyses were all post-hoc.  Also, analyses of clinical response in subgroups defined as 
“failures” or “inadequate response to prior therapies” need to be interpreted with caution 
because these cases were identified only by report and without prospective criteria for an 
adequate therapeutic trial.   
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Safety Summary  
 
Progressive Multifocal Leukoencephalopathy (PML) 
Natalizumab administration has been associated with three cases of PML. Although the two 
PML cases in MS patients occurred with a concomitant interferon agent, the PML case in the 
CD patient occurred with azathioprine use eight months prior and a history of deficient 
hematopoiesis; thus, the data are insufficient to determine whether the risk of PML is limited to 
patients with concomitant immunosuppressive therapies.  
 
Based on the detailed review of possible cases of PML in patients exposed to natalizumab in 
clinical trials in the dose suspension safety assessments described by Yousry et al., the risk of 
PML is roughly 1 in 1000 patients treated with natalizumab for a mean of 17.9 months. 
 
As no new cases of PML have been found in the dose suspension safety assessments, one focus 
of this safety review has been to determine if infections, particularly serious infections, are 
increased with natalizumab treatment versus placebo or with cumulative natalizumab dosing.  
The safety databases used were the short-term placebo controlled CD study database 
(natalizumab n=1182; placebo n=506), and the short and long term studies in CD database 
(n=1563 exposed to natalizumab).   
 
Other Infections 
In the database of short-term placebo-controlled active CD studies, infections overall were 
higher in the natalizumab group than the placebo group (40% vs. 36%), but serious infections 
were nearly the same between the two groups (2.5% natalizumab vs. 2.4% placebo).  
Natalizumab administration appeared to be associated with an increased incidence of atypical 
and serious infections; these included viral meningitis, herpes infections, and atypical 
pulmonary and gastrointestinal infections.  
 
Concomitant Immunosuppressants and/or Steroids 
Based on the short-term placebo controlled CD study database and the short- and long-term 
studies in CD database, no clear association was found between concomitant 
immunosuppressant and/or steroid use and infections or other AEs.  In the short and long-term 
dosing in CD population, a number of opportunistic pulmonary infections (mycobacterium 
avium intracellulare, pneumocystis carinii, aspergillus, and burkholderia cepacia) were found.  
No clear relation of these infections to number of infusions or to concomitant 
immunosuppressant or steroid use was found.  
 
Other safety issues 
Hypersensitivity and infusion reactions were associated with natalizumab use, and are described 
in the currently approved labeling.  There was no clear increase in risk in carcinogenicity.  
However, long-term follow-up data would be necessary to reliably assess the risk of 
carcinogenicity. 
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Benefit-Risk Considerations 
 
When originally approved for the MS indication, there was an unprecedented treatment effect in 
that population.  Although the cases of PML changed the benefit-risk considerations, return to 
market occurred largely because of the large treatment effect; a key decision on approval was 
that natalizumab be returned to market as monotherapy based on the concern that PML risk 
increases with increasing immunosuppression.  The indication for monotherapy was supported 
by the fact that one of the two pivotal MS studies was a monotherapy study. 
 
The benefit and risk considerations in the CD population are considerably different from those 
in the MS population.  The treatment effect in the CD population (13% to 16% in induction, 
33% to 35% in maintenance) was not as high as that in the MS population (absolute treatment 
effect of 42% to 49%) nor is it clearly distinguished from approved CD therapies.  With regard 
to risk, CD patients are more likely to be on chronic immunosuppressant and/or steroid therapy 
than MS patients.   
 
The sponsor’s proposed indication is limited to those that are failures of prior conventional 
therapies (where conventional therapies include mesalamine, immunosuppressants and 
steroids).   
 
An attempt was made to identify subgroups within the overall population for whom the benefit 
to risk ratio may be more favorable.   
 
First, subgroups for who the risks might be more acceptable might include those with prior 
medication use or those with inadequate response to prior therapies. These patients would likely 
be more severe and/or refractory than other patients.  Across the categories based on prior 
medication use and investigator-reported inadequate response to prior therapies (where prior 
therapies included immunosuppressants, steroids, and/or anti-TNFs) the proportions 
demonstrating clinical response were similar to those in the overall population, although no 
subgroup demonstrated a strikingly higher clinical response.   
 
Second, with regard to risk, it was not possible to identify characteristics with certainty that 
may predict the development of PML as there were only three cases.  Incidence of infections, in 
particular opportunistic infections, were used as a surrogate for PML risk and were analyzed 
across categories of concomitant medication use (monotherapy versus steroids and/or 
immunosuppressants); no clear relation of infections to concomitant therapies was found. 
 
Although a relationship between immunosuppressant and/or steroid use with infections was not 
found, there remains the concern that the risk of infections and of PML might be higher with 
concomitant therapies.  The clinical response proportions across categories of concomitant 
medication use were similar to the overall proportions suggesting that restrictions on 
concomitant medication use could be considered an approach to reduce risks while maintaining 
efficacy.  However, that strategy has not been investigated prospectively. 
 
Additional considerations relate to clinical practice. 
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Cases of PML often present with neurological symptoms and signs; and may be identified more 
readily in a neurology practice than in a gastroenterology practice.  However, the background 
rate of neurological signs and symptoms would be considerably less in a CD patient than in an 
MS patient, allowing for easier detection of PML cases in CD patients. 
 
The role of CRP in treating patients must be determined.  In the maintenance study (CD303), a 
post-hoc analysis of patients with baseline elevated CRP level showed similar efficacy to the 
overall population.  In one induction study (CD301), a subgroup selected based on elevated 
baseline CRP was associated with greater efficacy but that was a post-hoc analysis.  In the other 
induction study (CD307), only patients with elevated baseline CRP were enrolled, so further 
information was not gained on patients that do not have elevated baseline CRP. 
 
Because CD patients may have flares while on therapy with natalizumab, and these may require 
long-term therapy with steroids and/or immunosuppressants (whereas MS relapses are more 
likely to require pulse steroids), it may be harder to attain a goal of strict monotherapy in CD 
patients.   
 
The role of brain MRIs, neurological exams by neurologists, JC virus testing and/or other 
evaluations that may potentially decrease the risk of PML must be determined. 
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Outstanding Items 
 
The Division of Scientific Investigations inspection of selected sites is pending at the time this 
Briefing Document was written. 
 
Items below are pending at the time this Briefing Document was written; these items were 
included in an Information Request Letter dated June 14, 2007.   
 
1. Prior Medication Use 

 Clarify criteria used to define inadequate response to a prior medication. 
 Clarify terms used to categorize prior medication use.  
 Add combination categories of prior medication use (i.e., “immunosuppressants or anti-

TNF”, and “immunosuppressants and anti-TNF”). 
 
2. Concomitant Medication Use 

 Provide numbers of subjects by category of medication (not only medication name). 
 Add additional categories (i.e., “steroids with or without immunosuppressants”, and 

“immunosuppressants with or without steroids”)  
 
3. Subgroup Analyses of Clinical Response 

 Based on prior and/or concomitant medication use (for each of the Phase 3 studies). 
 By severity of disease at baseline (based on baseline CDAI). 
 Based on baseline CRP. 

 
4. Safety Analyses by Concomitant Medication Use 

 Selected AEs (SAEs, infections, and serious infections) by concomitant medication 
categories.  

 Selected AEs (infections and serious infections) by concomitant medication use and by 
number of infusions. 

 
5. Other Requests 

 Analyze results of Study CD303 with stratification based on smoking status as there is a 
baseline imbalance. 

 Explain why subjects with ileocolonic/colonic disease appeared to have a more 
pronounced clinical response than subjects with disease confined to the ileum in Study 
CD307. 

 Explain variation in clinical response rates by world region. 
 Among subjects in Study CD301 who were eligible to participate in Study CD303, 

summarize and compare characteristics for those who chose to participate and for those 
who chose not to. 

 Provide age-adjusted mortality rates for a general CD population and for a population of 
comparable severity to those exposed to natalizumab in the CD studies.  
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Appendix 1  
 

Crohn’s Disease Activity Index (CDAI) 
 

Figure 4.  CDAI Score Calculation 

 

 
 
(Figure above is taken from page 88 of the Clinical Study Report for Study CD307) 
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Appendix 2 
 

Study CD301 (Selected Study Results) 
 
The tables below include the following information on previous medications for CD:  (1) 
response to initial treatment; (2) loss of response with continued treatment; (3) dependence on 
treatment, and (4) reasons for discontinuation due to treatment 
Table 76.  5-ASA Compounds:  Response, Dependence, and Reason for Discontinuation – N (%) 

Placebo (n=181)  Natalizumab (n=724)  Overall (n=905)  Variable  Statistics  
Yes No Yes No Yes No 

Responded to Initial 
Treatment   

121 (67)  26 (14) 496 (69)  137 (19) 617 (68)  163 (18) 

Lost Response with 
Continued Treatment   

56 (31)  91 (50) 266 (37)  366 (51) 322 (36)  457 (50) 

Became Dependent on 
Treatment  

29 (16)  118 (65) 116 (16)  517 (71) 145 (16)  635 (70) 

Discontinued Due to 
Adverse Events 

25 (14) 122 (67) 87 (12) 546 (75) 112 (12) 668 (74) 

Discontinued Due to 
Infusion Reaction* 

0* 10 (6) 0* 44 (6) 0* 54 (6) 

* “Discontinued Due to Infusion Reaction”categorized as “(NA)” for 137 (76), 590 (81), and 727 (80)  
subjects in placebo, natalizumab, and overall groups, respectively, based on marking of “NA” category on 
Case Report Form for question “Discontinue due to Infusion Reaction”.   

(Values in table above are taken from Page 295 of the Study Report for Study CD301.) 
 

Table 77.  Immunosuppressants:  Response, Dependence, and Reason for Discontinuation – N (%) 

Placebo (n=181)  Natalizumab (n=724)  Overall (n=905)  Variable  Statistics  
Yes No Yes No Yes No 

Responded to Initial 
Treatment   

85 (47)  35 (19)  349 (48)  133 (18)  434 (48)  168 (19)  

Lost Response with 
Continued Treatment   

34 (19)  85 (47)  154 (21)  329 (45)  188 (21)  414 (46)  

Became Dependent on 
Treatment  

16 (9) 103 (57) 80 (11)  402 (56)  96 (11)  505 (56)  

Discontinued Due to 
Adverse Events 

45 (25)  75 (41)  185 (26)  298 (41)  230 (25)  373 (41)  

Discontinued Due to 
Infusion Reaction* 

0* 9 (5) 0* 34 (5) 0* 43 (5) 

* “Discontinued Due to Infusion Reaction”categorized as “NA” for 111 (61), 450 (62), and 561 (62) 
subjects in the placebo, natalizumab, and overall groups, respectively, based on  marking of “NA” 
category on Case Report Form for question “Discontinue due to Infusion Reaction?”.   

(Values in table above are taken from Page 295 of the Study Report for Study CD301.) 
 

Table 78.  Steroids:  Response, Dependence, and Reason for Discontinuation – N (%) 

Placebo (n=181)  Natalizumab (n=724)  Overall (n=905)  Variable  Statistics  
Yes No Yes No Yes No 

Responded to Initial 
Treatment   

151 (83)  7 (4)  616 (85)  27 (4)  767 (85)  34 (4)  

Lost Response with 46 (25)  111 (61)  219 (30)  423 (58)  265 (29)  534 (59)  
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Continued Treatment   
Became Dependent on 
Treatment  

60 (33)  97 (54)  258 (36)  385 (53)  318 (35)  482 (53)  

Discontinued Due to 
Adverse Events 

21 (12)  137 (76)  83 (11)  560 (77)  104 (11)  697 (77)  

Discontinued Due to 
Infusion Reaction* 

0 (0)*  14 (8)  1 (0)* 57 (8)  1 (0)*  71 (8)  

* “Discontinued Due to Infusion Reaction”categorized as “(NA)” for 145 (80), 585 (81), and 730 (81) 
subjects in the placebo, natalizumab, and overall groups, respectively, based on marking  of “NA” 
category on Case Report Form for question “Discontinue due to Infusion Reaction”.   

(Values in table above are taken from Page 296 of the Study Report for Study CD301.) 

 

Table 79.  Anti-TNF Therapy:  Response, Dependence, and Reason for Discontinuation – N (%) 

Placebo (n=181)  Natalizumab (n=724)  Overall (n=905)  Variable  Statistics  
Yes No Yes No Yes No 

Responded to Initial 
Treatment   

54 (30)  15 (8)  225 (31)  66 (9)  279 (31)  81 (9)  

Lost Response with 
Continued Treatment   

279 (31)  81 (9)  96 (13)  192 (27)  119 (13)  236 (26)  

Became Dependent on 
Treatment  

2 (1)  67 (37)  13 (2)  277 (38)  15 (2)  344 (38)  

Discontinued Due to 
Adverse Events 

13 (7)  56 (31)  50 (7)  240 (33)  63 (7)  296 (33)  

Discontinued Due to 
Infusion Reaction* 

9 (5)*  55 (30)  35 (5)* 212 (29)  44 (5)* 267 (30)  

* “Discontinued Due to Infusion Reaction” categorized as “(NA)” for 5 (3), 44 (6), and 49 (5) subjects in 
the placebo, natalizumab, and overall groups, respectively, based on marking of “NA” category on Case 
Report Form for question “Discontinue due to Infusion Reaction”.   

(Values in table above are taken from Page 296 of the Study Report for Study CD301.) 
 

Table 80.  Antibiotics:  Response, Dependence, and Reason for Discontinuation – N (%) 

Placebo (n=181)  Natalizumab (n=724)  Overall (n=905)  Variable  Statistics  
Yes No Yes No Yes No 

Responded to Initial 
Treatment   

64 (35)  16 (9)  241 (33)  58 (8)  305 (34)  74 (8)  

Lost Response with 
Continued Treatment   

18 (10)  62 (34)  80 (11)  219 (30)  98 (11)  281 (31)  

Became Dependent on 
Treatment  

1 (1)  78 (43)  15 (2)  284 (39)  16 (2)  362 (40)  

Discontinued Due to 
Adverse Events 

15 (8)  65 (36)  39 (5)  261 (36)  54 (6)  326 (36)  

Discontinued Due to 
Infusion Reaction* 

0 (0)*  7 (4)  2 (0)* 22 (3)  2 (0)*  29 (3)  

* “Discontinued Due to Infusion Reaction” categorized as “(NA)” for 74 (41), 276 (38), and 350 (39)  
subjects in the placebo, natalizumab, and overall groups, respectively, based on marking of “NA” 
category on Case Report Form for question “Discontinue due to Infusion Reaction”.   

(Values in table above are taken from Page 297 of the Study Report for Study CD301.) 
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Appendix 3 
 

Study CD303 (Selected Study Features) 
 
Primary Endpoint - Contingent Sequential Analysis: 
 
The contingent sequential analysis first tested the hypothesis of the primary endpoint at the 0.05 
significance level. If the primary endpoint was significant, the hypothesis of the contingent 
primary endpoint was to be tested at the 0.05 level. If the primary endpoint was not significant, 
the hypothesis related to clinical remission was not to be tested as a contingent primary 
endpoint. 
 
Steroid Taper Algorithm:   
 
All subjects receiving oral steroids are required to undergo a taper immediately upon entry into 
Study CD303 (i.e., at Week 10 Study CD301) using the following algorithm:  
• Subjects on doses equivalent to > 10 mg of prednisolone will begin their taper at a rate of 5 

mg every 7 days until they reach a dose of 10 mg. If the patient is receiving 11–14 mg the 
dose should be reduced to the equivalent of 10 mg prednisolone for 7 days, followed by the 
standard taper schedule below; 

• Subjects on doses equivalent to ≤ 10 mg of prednisolone will be tapered at a rate of 2.5 mg 
every 7 days until they are completely withdrawn. 

• Subjects taking budesonide should be tapered at a rate of 3 mg every 3 weeks until they are 
completely withdrawn. 

 
Subjects whose symptoms worsen significantly may interrupt their taper by either halting the 
dose decreases or by having their dose re-increased up to their baseline level. All subjects who 
interrupt the taper must re-start within 4 weeks, continuing according to the algorithm outlined 
above.  
 
Subjects who re-increase their dose above baseline levels, which is considered rescue 
intervention, or whose CDAI increases to ≥ 220 AND there is ≥ 70 point increase in the CDAI 
score from the baseline (Week 12), will be considered treatment failures. 
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Appendix 4 
 

SAEs in Placebo-controlled Studies of MS 
 
[Values in the table below are taken from the BLA Review 125104/15 Alice Hughes, M.D. and Susan S. 
McDermott, M.D. (5/18/06) and confirmed with values in table found on pages 82-89 of the Summary of Clinical 
Safety] 

Table 81.  SAEs in Placebo-controlled Studies of MS - SAEs that Occurred in ≥ 0.1% of Natalizumab-
treated Patients (and at Greater Frequency than in Placebo-treated Patients)  

Serious Adverse Event  
 

Placebo (n=1135) 
% (No.) 

Natalizumab (n=1617) 
 % (No.) 

All  18.9% (214) 15.5% (251) 
Infections and infestations 2.2% (25) 2.4% (39) 

Urinary tract infection (UTI)* 0.5% (6) 0.6% (10) 
Pneumonia* 0.2% (2) 0.4% (6) 
Appendicitis 0.3% (3) 0.4% (6) 
Urinary tract infection NOS 0.2% (2) 0.4% (6) 
Viral infection NOS 0 0.2% (3) 
Infection NOS <0.1% (1) 0.1% (2) 
Pyelonephritis NOS <0.1% (1) 0.1% (2) 
Sinusitis NOS <0.1% (1) 0.1% (2) 
Urosepsis <0.1% (1) 0.1% (2) 

Blood and lymphatic system disorders 0.2% (2) 0.3% (5) 
Thrombocytopenia 0 0.1% (2) 

Immune system disorders 0.2% (2) 0.8% (13) 
Anaphylactic reaction 0.2% (2) 0.3% (5) 
Anaphylactoid reaction 0 0.1% (2) 
Hypersensitivity NOS 0 0.2% (4) 

Metabolism and nutrition disorders   
Dehydration <0.1% (1) 0.2% (3) 

Nervous system disorders   
Grand mal convulsion <0.1% (1) 0.1% (2) 

Gastrointestinal disorders 0.8% (9) 1.2% (19) 
Abdominal pain NOS 0 0.2% (4) 
Appendicitis perforated 0 0.1% (2) 
Colitis NOS 0 0.1% (2) 
Gastritis NOS 0 0.1% (2) 
Nausea 0 0.1% (2) 

Hepatobiliary disorders   
Cholelithiasis 0.3% (3) 0.6% (9) 
Cholecystitis NOS 0 0.1% (2) 

Skin and subcutaneous tissue disorders   
Rash NOS <0.1% (1) 0.1% (2) 
Urticaria NOS <.1% (1) 0.1% (2) 

Musculoskeletal and connective tissue 
disorders 

  

Localised osteoarthritis <0.1% (1) 0.1% (2) 
Renal and urinary disorders 0.3% (3) 0.4% (7) 
Reproductive system and breast disorders 0.5% (6) 0.7% (12) 

Ovarian cyst 0 0.2% (4) 
Cervical dysplasia 0 0.1% (2) 
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General disorders and administrative site 
conditions 

0.7% (8) 0.8% (13) 

Asthenia 0 0.1% (2) 
Fatigue 0 0.1% (2) 

Injury, poisoning and procedural 
complications 

0.9% (10) 1.7% (28) 

Fall <0.1% (1) 0.3% (5) 
Overdose NOS 0 0.2% (3) 
Road traffic accident <0.1% (1) 0.2% (3) 
Alcohol poisoning <0.1% (1) 0.1% (2) 
Closed head injury 0 0.1% (2) 
Head injury <0.1% (1) 0.1% (2) 
Hip fracture 0 0.1% (2) 
Post-procedural pain 0 0.1% (2) 
Thermal burn 0 0.1% (2) 

NOTE  (1)   A subject was counted only once within each system organ class/preferred term. 
(2)  Preferred terms are presented by decreasing incidence in the Natalizumab column within each system 

organ class. 
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Appendix 5 
 

SAEs in CD Placebo-Controlled Studies 
 

Table 82.  SAEs Occurring in ≥ 0.2% of Natalizumab-treated Subjects and More Frequently than in 
Placebo-treated Subjects (Short-term Placebo controlled Studies of CD) 

Serious Adverse Event Placebo 
(n=506) 
% (No.) 

Natalizumab 
(n=1182) 
 % (No.) 

All 14.0% (71) 14.9% (176) 
Infections and infestations   

Abdominal abscess NOS 0.2% (1) 0.3% (3) 
Meningitis viral NOS 0 0.2% (2) 
Urinary tract infection NOS 0 0.2% (2) 

Neoplasms 0.2% (1) 0.7% (8) 
Lung adenocarcinoma NOS 0 0.2% (2) 

Blood and lymphatic system disorders 0 0.4% (5) 
Anemia NOS 0 0.3% (4) 

Immune system disorders 0.2% (1) 0.4% (5) 
Hypersensitivity NOS 0 0.3% (3) 

Nervous system disorders 0.2% (1) 0.5% (6) 
Cardiac disorders 0 0.4% (5) 
Respiratory, thoracic, and 
mediastinal disorders 

0.2% (1) 0.3% (3) 

Pulmonary embolism 0 0.2% (2) 
Gastrointestinal disorders   

Intestinal obstruction NOS 0.6% (3) 0.8% (9) 
Small intestinal obstruction NOS 0.4% (2) 0.8% (9) 
Intestinal stenosis NOS 0 0.5% (6) 
Vomiting NOS 0 0.3% (4) 
Abdominal adhesions 0 0.3% (3) 
Intestinal fistula 0 0.3% (3) 
Gastrointestinal haemorrhage 0 0.2% (2) 
Nausea 0 0.2% (2) 
Peritonitis 0 0.2% (2) 
Small intestinal perforation NOS 0 0.2% (2) 

Hepatobiliary disorders 0 0.4% (5) 
Cholelithiasis 0 0.3% (4) 

Musculoskeletal and connective tissue disorders   
Arthralgia 0 0.3% (3) 

Renal and urinary disorders 0.2% (1) 0.3% (4) 
Reproductive system and breast disorders 0 0.3% (4) 
Investigations 0.2% (1) 0.3% (3) 
Surgical and medical procedures 0 0.2% (2) 
 
[Values in the table above taken from pages 82-89 of the Summary of Clinical Safety] 
[Design of table taken from BLA Review 125104/15 by Drs. Alice Hughes, and Susan S. McDermott (5/18/06) ] 
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