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Abstract

Background & Aims—Natalizumab, a humanized antibody against the α4 integrin subunit, 

effectively induces and maintains remission in patients with Crohn’s disease (CD) refractory to 

conventional treatments. Progressive multi-focal leukoencephalopathy is a rare but fatal brain 

infection caused by JC virus and has been associated with natalizumab use. We assessed the 

prevalence of and risk factors for antibodies to JC virus in serum of patients with refractory CD 

who were candidates for, or were already receiving, natalizumab. We also assessed the effects of 

natalizumab treatment of these patients.

Methods—In a retrospective study, we analyzed clinical charts from 191 patients with CD (74 

male; mean age, 38.7 y; mean duration of disease, 14.9 y) tested for serum JC virus antibody from 

December 2012 through May 2014 at 2 medical centers in the US. We calculated JC virus 

antibody prevalence and compared characteristics of patients who tested negative vs those who 

tested positive, to identify risk factors. We also assessed the rate of subsequent natalizumab use, 

surgery, and seroconversion during natalizumab therapy.

Results—One hundred and twenty-nine of the patients (67.5%) tested positive for serum JC 

virus antibody. Multivariate analysis demonstrated that past use of thiopurine was a risk factor for 
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testing positive for JC virus antibody (odds ratio 7.8; 95% confidence interval [CI], 2.0–30.4; P= .

003). Twenty-two of the patients who tested negative for JC virus antibody (35.5%) and 16 of the 

129 patients who tested positive (12.4%) had been treated with natalizumab. Cox regression 

analysis determined that natalizumab use was the only factor associated with avoiding subsequent 

surgery (hazard ratio, 0.23; 95% CI, 0.06–0.98)). Seroconversion (from testing negative to 

positive for JC virus antibody) occurred in 1 of the 22 patients (4.5%) who initially tested negative 

during natalizumab therapy.

Conclusion—The prevalence of CD patients exposed to JC virus is comparable to that of the 

general population. In this retrospective study, prior thiopurine use was associated with an 

increased risk for testing positive for JC virus antibody. Natalizumab use reduced the risk of 

subsequent surgery.
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INTRODUCTION

Intensive research has started to unravel the pathogenesis of Crohn’s disease (CD)1–3, 

however, its clinical course is still characterized by chronic and progressive inflammation of 

the gastrointestinal tract that often results in surgery4. Anti-tumor necrosis factor (TNF) 

agents are now widely used in the treatment of CD, given their efficacy for achieving and 

maintaining clinical remission, as well as the ability to induce mucosal healing and prevent 

surgery5–8. Natalizumab (Tysabri®, Elan Pharmaceuticals, South San Francisco, CA) is a 

humanized IgG4 anti-α4-integrin antibody that blocks the adhesion and subsequent 

migration of leukocytes from the blood vessels into inflamed tissues, a mechanism distinct 

from anti-TNF agents. Natalizumab has Food and Drug Administration (FDA) approval for 

the treatment of multiple sclerosis (MS) and CD, and was the first drug approved in this 

class to treat inflammatory bowel disease (IBD) only in the US. Although it was shown to be 

effective and well-tolerated in clinical trials of CD9, 10, the development of progressive 

multifocal leukoencephalopathy (PML), resulted in its use being limited to adult CD patients 

who have failed or have had intolerance to conventional treatment including anti-TNF 

agents11–13. Progressive multifocal leukoencephalopathy (PML) is a rare demyelinating 

disease of the brain, often resulting in severe disability or death, caused by John 

Cunningham (JC) virus in the setting of host immunosuppression14. The majority of reports 

of PML associated with natalizumab use have been in subjects with MS, where positive anti-

JC virus antibody, prior use of immunosuppressive treatment, and longer duration of 

natalizumab therapy have been shown to be risk factors for PML15. The seroprevalence of 

anti-JC virus antibodies varies from 40 to 90% depending on the assay and population 

studied16, 17. In January 2012, testing for anti-JC virus antibody in the blood became 

commercially available to assess whether the patient has been exposed to the virus18. We 

and others have recently demonstrated that natalizumab was effective and safe in CD 

patients with a history of refractory disease19–21, however, the prevalence of JC virus 

antibody and their implication for CD therapy remains unknown.
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The present retrospective cohort study was performed to identify the prevalence and risk 

factors of JC virus antibody in patients with CD in whom natalizumab was either used or 

contemplated being used, and to assess their impact on subsequent natalizumab use and 

surgery.

METHODS

This was a retrospective cohort study of patients with CD who have had an inadequate 

response to anti-TNF alpha agents and immunomodulators, and were tested for the presence 

of anti-JC virus antibody in their blood (STRATIFY JCV; Quest Diagnostics, Madison, NJ) 

in consideration for natalizumab use between December 2012 and May 2014 at the 

University of Chicago IBD Center and Oregon Health & Science University. The study was 

approved by both institutions’ institutional review boards. Patient charts were screened and 

for those eligible, details about disease phenotype, disease duration, treatment history, 

previous or subsequent natalizumab use and surgery were obtained.

Outcomes

Outcome measures were defined prior to performing the study. The primary analyses were 

1) prevalence of anti-JC virus antibody in these CD patients, and 2) identification of risk 

factors for the presence of blood anti-JC virus antibody. Secondary analysis included 1) the 

rate of natalizumab use following the results of JC virus antibody test, 2) the incidence of 

subsequent CD related surgery and identification of risk factors for surgery, 3) 

seroconversion from a negative to positive JC virus antibody status in patients receiving 

natalizumab who had more than one JC virus antibody test. Intestinal resection, 

stricturoplasty, perianal surgery, creation of diverting ileostomy/colostomy or abscess 

drainage were defined as CD-related surgeries. Ileostomy revision or exam under 

anaesthesia without seton placement or abscess drainage were excluded.

Statistical methods

For statistical analysis, data were processed by EZR22 (Saitama Medical Center, Jichi 

Medical University, Saitama, Japan), which is a graphical user interface for R (The R 

Foundation for Statistical Computing, version 2.13.0, Vienna, Austria). Standard descriptive 

statistics, such as mean, median, range and standard deviations were computed for 

continuous variables. Statistical analysis was done as noted in each section. All p-values are 

two-sided and p < 0.05 was considered statistically significant. Where indicated, 

multivariate analysis was performed with factors that showed a p-value of <0.10 in 

univariate analysis. Duration to surgery after the JC virus test was compared between groups 

by Kaplan-Meier survival analysis or Cox proportional hazards regression analysis where 

indicated. Log-rank trend test was performed to assess the discrepancy of linear trend 

between groups where applicable.
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RESULTS

Patients

The characteristics of the 191 patients who had anti-JC virus antibody tested during the 

study period are shown in Table 1. They were all tested to assess prior to or after initiation 

of natalizumab therapy. Twenty-four patients (12.6%) were already on natalizumab at the 

time of their first JC virus antibody test (median 26.5 months, range 1–46). Seventy-four 

(38.7%) were male with a mean age of 38.7 years. Mean duration of disease was 14.9 years. 

One hundred-twenty-two patients (63.9%) had a history of CD-related surgeries. 86.2 and 

96.9% of patients had a history of previous thiopurine and anti-TNF agent use, respectively, 

confirming that the majority of patients had refractory disease.

Risk factors for JC virus exposure

The prevalence of blood anti-JC virus antibody in our patients was 67.5% (129/191) (Table 

1). In univariate analysis, prior use of thiopurines was significantly more frequent in patients 

who tested positive as compared to those with a negative result (92.1 vs 74.2%, p = 0.001). 

Older age (p = 0.05), corticosteroid use (p = 0.05), and methotrexate use (p = 0.06) showed a 

strong trend towards a positive serology. Multivariate analysis with all factors that had a p-

value of <0.10 on univariate analysis demonstrated that only prior use of thiopurines was 

associated with a positive JC virus serology (odds ratio 7.8 (95%CI 2.0–30.4), p = 0.003). 

Methotrexate use and lower CRP level also demonstrated a non-significant trend by 

multivariate analysis (Table 1).

Subsequent natalizumab use and effect on surgery

More patients were treated with natalizumab following a negative JC virus antibody test 

than those with a positive result (Table 1; 35.5% and 12.4%, respectively, p<0.001). 

Natalizumab was given as monotherapy, and no patients received thiopurines, methotrexate, 

or anti-TNF agents while on therapy. Corticosteroids were allowed, but were tapered 

according to the patients’ symptoms. 14.7% of patients (28/191) who had JC virus status 

checked underwent a bowel surgery during the study period (median 6.5 months, range 1–

21). Based on log-rank tests (Kaplan-Meier analyses), fistulizing disease (p = 0.028), history 

of Crohn’s surgery (p = 0.015), and perianal disease (p = 0.048) significantly increased the 

risk of subsequent surgery, whereas subsequent natalizumab use significantly lowered the 

risk (p = 0.043). Cox regression analysis with these four factors showed that the use of 

natalizumab was the only factor associated with modifying the risk of subsequent surgery 

(Figure 1a; hazard ratio 0.23 (95%CI 0.06–0.98), p = 0.048). Figure 1b shows the Cox 

regression analysis of the probability of avoiding surgery in the study population according 

to the subsequent use (or no use) of natalizumab after JC virus testing adjusted with 

fistulizing disease, history of Crohn’s surgery, and perianal disease as the covariates.

We subcategorized the patients based on the results of the JC virus antibody status and the 

subsequent natalizumab use, and assessed the risk of surgery. Interestingly, as shown in 

Figure 2, patients who tested positive for JC virus and were treated with natalizumab had an 

excellent outcome, followed by those who tested negative and were treated with 

natalizumab. Regardless of the JC virus status, patients who were not treated with 
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natalizumab were more likely to undergo surgery. None of the patients who were treated 

with natalizumab developed PML.

Seroconversion rate

Among the 62 patients who were negative for JC virus antibody, 22 patients (35.5%) went 

on to receive natalizumab. All patients except for those with a short follow-up period had a 

follow-up JC virus antibody test at 6–12 months intervals while receiving natalizumab 

therapy (mean follow-up period 17.6 months, range 3–37). One patient (4.5%), a 25 year old 

female with a previous history of thiopurine and anti-TNF use, seroconverted at 22 months, 

and, at the time of this analysis, the patient still remained on therapy with stable disease 

control.

DISCUSSION

The present study is the first to describe the seroprevalence of JC virus in refractory CD 

patients, who were candidates for natalizumab treatment. The majority of our patients were 

exposed to immunosuppressive and anti-TNF therapies, and we described a seroprevalence 

rate of 67.5%. This result is in range of those of previously reported rates in MS and the 

general population. We further identified that prior use of thiopurines was a risk factor for a 

positive serology and that subsequent use of natalizumab decreased the likelihood of 

surgery.

Natalizumab is an efficacious treatment for CD, however, its use has been limited due to the 

risk of PML10. PML, which is caused by reactivation of JC virus, exclusively occurs in 

severely immunocompromised patients such as acquired immune deficiency syndrome, and 

more recently is associated with the use of certain immunosuppressives or biological 

therapies (natalizumab, rituximab, etc.)23, 24.The rate of seroprevalence of JC virus antibody 

ranges from 30 to 70% in the general population and increases with age25, 26. In MS, the rate 

is reportedly between 40–90%27, 28. Bozic et al., in a study of over 7000 MS patients, found 

that seroprevalence was significantly associated with increasing age, gender and 

geography16. However, they found no significant association with MS disease 

characteristics, including duration and number of therapies16, 27. Studies assessing the rate 

of JC virus infection in CD are limited, but Verbeeck et al. showed a JC virus 

seroprevalence of 76% in Belgian CD patients, where the use of natalizumab is not yet 

approved29. No risk factors were described, but they demonstrated that the median viral load 

in urine was higher among CD patients than in patients with other digestive diseases or 

controls.

The majority of reports of PML associated with natalizumab use come from subjects with 

MS16, 17, 27. Among 99,571 MS patients treated with natalizumab, 212 cases of PML were 

reported (2.1/1000)15. The incidence of PML was 0.09/1000 in subjects negative for anti-JC 

virus antibody, whereas in those with positive anti-JC virus antibody, prior use of 

immunosuppressives, and duration of natalizumab therapy of more than 2 years, the risk was 

as high as 11.1/1000. Combined evidence demonstrates that JC virus infection is required 

for the development of PML, thus it is important to identify risk factors for JC virus 

infection. In contrast to MS, we found in our CD patients that previous use of thiopurine was 
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associated with an increased risk of JC virus serology. Also distinct from the findings in MS, 

age or gender did not affect the result. While it is known that previous use of 

immunosuppressives increases risk of PML in JC virus positive MS patients, it has not been 

shown to increase seroprevalence of JC virus in MS. This discrepancy may be due to the 

difference in the type of immunosuppressive used to treat each condition. It remains unclear 

if this is due to increased immunosuppression, but methotrexate use also showed a non-

significant trend towards a positive serology. Anti-TNF agents were not associated with a 

risk, however, it should be noted that 97% of our patient population had been exposed to 

them, so it was not possible to assess this properly.

We also identified that the use of natalizumab after checking the JC virus status was 

associated with reduced risks of surgery regardless of antibody status. As previously 

mentioned, our patient population had failed various other CD treatments, which normally 

would result in surgery as the only remaining standard treatment option. Indeed, in a 

previous study, we showed that more than half of the patients who failed natalizumab 

required surgery19. The present study demonstrates that the use of natalizumab reduced the 

risk of surgery not only in those who were negative for JC virus antibody, but also among 

those who were positive. Although natalizumab has not been widely used mainly due to the 

risk of PML, we again demonstrate its benefit in refractory CD. Given that PML only occurs 

after >9–12 months of natalizumab exposure suggests that those who are JC virus antibody 

positive and willing to accept this risk may do so initially to assess if the therapy or this 

mechanism even works, before having surgery. However, it should also be noted that the 

risk of PML in CD patients treated with natalizumab remains largely unknown and whether 

risk stratification similar to that of MS can be applied needs further investigation. For those 

who test negative for anti-JC virus antibody, natalizumab would be an effective long term 

treatment as the seroconversion rate appears to be low. We still recommend that they have 

repeat JC virus tests done every 6–12 months to assure that they remain negative. The recent 

regulatory approval of vedolizumab, a gut specific α4β7-integrin inhibitor, which potentially 

may carry no risk of PML30, 31, suggests another consideration. If vedolizumab is used as 

first choice in this class and the patient initially responds but then develops anti-

vedolizumab antibodies or other secondary loss of response, similarly as seen in anti-TNF 

agents, consideration of a second anti-integrin inhibitor, i.e. natalizumab (and the patient’s 

associated JCV serology), can take into consideration the findings from this study as well. 

Furthermore, based on the mechanism of action, natalizumab may carry a broader 

immunosuppressive spectrum when compared to vedolizumab, and it remains to be 

determined whether the two have a similar efficacy in CD.Only one patient that received 

natalizumab seroconverted from a negative to a positive JCV serology during the study 

period. This is not surprising considering the limited follow-up period and the reported low 

annual seroconversion rate of 1–2%32.

One limitation of our study is the retrospective nature of our analysis, and our findings need 

to be confirmed in prospectively designed studies with larger numbers of samples. In our 

study, none of the predefined outcomes underwent power analysis, however, our results can 

be applied for such analysis in future prospective studies. Furthermore, our patient 

population can be considered as one of the most refractory patients and whether the rates of 

JC virus serology and risk factors can be applied to the general CD population remains 
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unclear. However, at present, the indication of natalizumab is limited to refractory CD, and 

our data is meaningful to be applied to such patients.

In summary, we have identified the prevalence of positive JC virus serologyn refractory CD 

patients, and have shown that the use of thiopurines was associated with a higher risk. 

Furthermore, the subsequent use of natalizumab appeared to reduce the risk of surgery 

regardless of the antibody status and seroconversion was infrequent, suggesting its utility in 

this selected population. This information contributes significantly to discussions of risk and 

benefit of natalizumab therapy.
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Figure 1. 
(a) Cox proportional hazards regression analysis was performed to identify risk factors for 

surgery in the present population. Fistulizing disease, history of Crohn’s surgery, 

natalizumab use after JCV testing, and perianal disease were included in the Cox regression 

analysis as they demonstrated relevance with increasing/reducing the risk of surgery based 

on a p value of <0.10 on a log-rank test (Kaplan-Meier analysis). Natalizumab use after JCV 

testing was associated with significantly reducing the risk of surgery (Hazard ratio 0.23, 

95%CI 0.06–0.98, p = 0.048). (b) Probability of avoiding surgery in the study population 

according to the use of natalizumab or not after JC virus testing adjusted with fistulizing 

disease, history of Crohn’s surgery, and perianal disease as the covariates. Time to surgery 

after JCV testing was analyzed using Kaplan-Meier estimator. Patients without follow-up at 

a certain time point or those who discontinued due to adverse effects were regarded as 

censored and shown as ticks on the graph.
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Figure 2. 
Survival analysis based on the JCV Antibody serology and the subsequent use of 

natalizumab. Patients were categorized into 4 groups (JCV (−) NTZ (−), JCV (−) NTZ (+), 

JCV (+) NTZ (−), JCV (+) NTZ (+)). The probability of avoiding surgery was significantly 

different among groups as assessed by log-rank test (p = 0.029). Log-rank trend test 

demonstrated a trend in outcome across the four groups (p = 0.039). Analysis was done as in 

Figure 1b.
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