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ABSTRACT
Azathioprine and 6-mercaptopurine (AZA/6MP) are effective 
immunosuppressives used for the treatment of inflammatory 
bowel disease. The optimal strategy for monitoring therapeutic 
efficacy and adequate immunosuppression remains to be defined. 
White blood cell count, mean corpuscle volume (MCV), and 
6-mercaptopurine metabolites (6TGN, 6MMP) have all been 
suggested as potential parameters to monitor efficacy and safety. 
However, immunomodulators target lymphocytes specifically rather 
than leukocytes overall; little data is available on the relationship 
between lymphocytes and immunomodulators in IBD. This study 
evaluates the incidence of lymphopenia with immunosuppressive use, 
and correlates metabolite levels (6TGN and 6MMP) with leukocyte, 
lymphocyte, and MCV levels in IBD patients treated with AZA/6MP. 
Medical records of 125 adult IBD patients were analyzed based on 
the use of AZA/6MP, blood counts, and mercaptopurine metabolites 
6TGN and 6MMP. Forty three percent of patients taking AZA/6MP 
developed lymphopenia. Of those with lymphopenia, only 11% had 
leukopenia. A low but statistically significant correlation of r = -0.3 
(p=0.04) for 6TGN to leukocyte counts as well as to MCV levels 
was found. No correlation between 6TGN levels and lymphocyte 
counts was noted. This analysis shows that not only leukocyte counts 

but lymphocyte counts should be monitored closely in patients on 
these immunosuppressives. Metabolite markers do not provide 
information regarding who will develop lymphopenia. Consequences 
of lymphopenia such as opportunistic infections need to be discussed 
with patients prior to starting this type of therapy. 
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INTRODUCTION
Approximately 1.1 million people in the United States suffer from 
IBD[1]. The key to controlling symptoms and complications from 
IBD is to induce remission and maintain control of the inflammation. 
Azathioprine (AZA) and 6-mercaptopurine (6MP) are effective 
immunosuppressive medications used for the treatment of IBD, with 
about 70% of patients showing improvement of symptoms on these 
medications[2]. The exact mechanism of action of these drugs has not 
been fully delineated; however, apoptosis ofactivated T lymphocytes 
may play an important role[3,4]. Although it is known that leukopenia 
and lymphopenia can occur in patients taking AZA/6MP[5], we have 
observed that lymphopenia defined by absolute lymphocyte count 
<1000, can occur in these patients despite having normal leukocyte 
counts. 
    No standard of care exists on optimal monitoring for safety and 
efficacy of AZA/6MP use. Over the last several decades, multiple 
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laboratory parameters have been employed as surrogates to guide 
dosing of immunomodulators, including white blood cell (WBC) 
counts, mean corpuscle volume (MCV) levels and the mercaptopurine 
metabolites 6-thioguanine (6TGN) and 6-methylmercaptopurine 
ribonucleotides (6MMP). 
    WBC counts have traditionally been monitored. Since 
AZA/6MP specifically target lymphocytes, one might suspect that 
pharamacologic effect may be more evident on tracking lymphocytes. 
However there are no recommended guidelines on following 
lymphocytes.
    Increased mean corpuscular volume (MCV) has also been found in 
patients taking AZA/6MP. Since MCV represents the volume of the 
RBC, and 6TGN is found inside RBC’s, higher MCV may correlate 
to higher 6TGN levels. A Danish study did show a statistically 
significant correlation between MCV levels and 6TGN metabolite 
levels, but only with an r-value of 0.33[6]. Since the routine CBC 
includes MCV, it would be clinically useful to determine if any higher 
correlation could be found to make this of any clinical significance. 
    In the era before drug metabolite measurement and the 
establishment of a therapeutic window for 6TGN levels, clinicians 
followed WBC counts to gauge the likelihood of response and 
toxicity. However, maintaining leukopenia (<3,000) does not 
necessarily correlate with clinical response[7]. In a study by Dubinsky 
and others, only 8% of clinical responders were found to have 
leukopenia[8]. Thus, maintained leukopenia is unnecessary and 
potentially dangerous. In addition to an increased risk of infections, 
data suggest an increased risk ofmalignancy, especially lymphoma, 
in patients maintained in a leukopenic state with AZA or 6MP for 
treatment of IBD[7].
    The AZA/6MP metabolites, 6TGN and 6MMP, have been 
suggested as surrogate markers for the safety and efficacy of 
immunosuppressive therapy. 6TGN levels may reflect therapeutic 
efficacy with an optimal range is 235-400 pmol/8 x 108 RBC[7].
Higher levels would indicate a greater risk of myelotoxicity. 
Whereasleukopenia may suggest that the 6TGN level is high 
(usually>450 pmol/8x 108 RBC), there is no evidence that such 
myelotoxic levels yield higher efficacy than 6TGN in the target 
range[7]. A level below 235 pmol/8 x 108 RBC suggests suboptimal 
dosing that may lead to inadequate response to treatment[7]. On 
the other hand, 6MMP levels greater than 5700 pmol/8 x 108 RBC 
indicate an increased risk of hepatotoxicity[2]. 
    If metabolite levels do correlate to these routine labs or even 
to clinical activity, monitoring these levels can better guide us in 
optimizing the safety of the drug as well as in assessing patients’ 
disease activity. Others have suggested that clinical algorithms based 
on routine labs may provide equivalent information at less cost[9].
    The first aim this study is to determine the incidence of 
lymphopenia (defined by absolute lymphocyte count <1000) 
in patients with IBD with and without treatment using the 
immunosuppressives AZA/6MP. The second aim of this study is to 
determine how closely the metabolite markers 6TGN and 6MMP 
correlate with WBC, lymphocyte counts, MCV and, in severely 
lymphopenic patients, CD4+ & CD8+ counts. 

METHODS
Patients
The study population includes 125 patients with inflammatory 
bowel disease from our Gastroenterology clinics. Patients were 
consecutively included into the study if they met the following 
criteria: adults (18 years of age or older) with biopsy proven IBD, 
and taking either azathioprine or 6-mercaptopurine for a minimum 
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of 6 months of therapy. Patients were started on this medication as 
per standard of care based on physician global assessment. If they 
had active disease, and failing mesalamine therapy or were steroid-
dependent, the immunomodulator was started by the provider. All 
patients underwent TPMT testing and was started on weight based 
dosing accordingly. Normal TPMT activity patients was started 
on 2.5mg/kg for AZA and 1.5mg/kg for 6MP, and intermediate 
metabolizers had half the weight based dosing to optimize efficacy. 
Patients were excluded from the study if they were less than 18 
years of age, pregnant, those with non-IBD colitis, those with either 
congenital or acquired immunodeficiency, or those who had a history 
of allergy or adverse reaction to AZA/6MP. This study was approved 
through our institutional IRB for retrospective chart review.

Data Extraction
The medical records of the patients that met the above inclusion 
criteria were reviewed and followed for 2 years.Variables measured 
include the use of all IBD therapies, specifically the use of the 
immunosuppressives AZA/6MP, 6TGN &6 MMP levels, leukocyte 
counts, MCV levels, and lymphocyte counts. CD4+ counts were 
measured in a select group of patients who were profoundly 
lymphopenic (absolute lymphocyte count <500). All other 
medications especially corticosteroid and anti-TNF use was noted.

Data Analysis
The number of IBD patients taking the immunosuppressives 
AZA/6MP and those who were not were identified. Based on this 
medication use, the incidence of lymphopenia was determined. The 
metabolite markers 6TGN and 6MMP levels were correlated with 
WBC counts, lymphocyte counts, MCV levels, and in the severely 
lymphopenic patients who had them drawn, CD4+ & CD8+ counts. 
Since 6MMP is a marker for hepatotoxicity and not for bone marrow 
toxicity, this metabolite served as a surrogate control. Clinical activity 
based on controlled or uncontrolled disease was analyzed in regards 
to metabolite levels and the routine blood levels as above. 
    Analysis was based on a correlation coefficient using Spearman’s 
correlation. A two-tailed probability calculated with the appropriate 
degrees of freedom was used to obtain the statistical significance.

RESULTS
Incidence of Lymphopenia 
A total of 125 IBD patients were found to have data regarding routine 
blood tests (CBC) and metabolite markers, and thus, were analyzed. 
A total of 73 males, 52 females were evaluated with 71 patients 
diagnosed with CD, 52 with UC, and 2 with IC. 
    Fifty-three of 125 patients (42%) were found to have mild 
lymphopenia (absolute lymphocyte count less than 1000). Forty-
four (35% of 125 patients) had moderate lymphopenia (absolute 
lymphocyte count less than 850), and 19 patients (15%) had severe 
lymphopenia (absolute lymphocyte count less than 500). (See Table 1)
    Of the 125 patients analyzed, 79 (63%) were taking the 
immunosuppressive AZA/6MP. Duration of treatment ranged from 6 
months to 11.5 years. Of the 79 patients on AZA/6MP, 45 (57%) had 
developed mild lymphopenia, 39 (49%) had moderate lymphopenia 
and 17 (22%) had developed severe lymphopenia. Of the 46 patients 
not on AZA/6MP, 8 patients (10%) developed mild lymphopenia, 6 
had moderate and 3 had severe lymphopenia. (See Table 2)
    On evaluation of concurrent medications, 53 patients were on 
mesalamines, with 10/53 on them currently when lymphopenia 
occurred. However the majority were on mesalamines prior to 
starting immunomodulator therapy. Only four of 23 patients on 
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Level of lymphopenia
Mild Lymphopenia <1000
Moderate lymphopenia <850
Severe Lymphopenia <500

Patients
53/125 (42%)
44/125 (35%)
19/125 (15%)

Table 1 Incidence of Lymphopenia in all IBD patients.

Level of lymphopenia on AZA/6MP (79) 
Mild Lymphopenia <1000
Moderate lymphopenia <850
Severe lymphopenia <500

Patient Number
45/79 (57%)
39/79 (49%)
17/79 (22%)

Table 2 Incidence of Lymphopeniain IBD patients on AZA/6MP.

infliximab, had lymphopenia. Three of the 4 patients were already 
lymphopenic prior to induction. Seven of 22 patients on prednisone 
were lymphopenic. Out of those 7, four had lymphopenia prior 
to start of corticosteroid therapy. A total of 2 patients were on 
budesonide, but both were lymphopenic prior to starting therapy. 
    Of the 44 patients with moderate lymphopenia (absolute 
lymphocyte count < 850), only 3 patients (7%) were leukopenic (WBC 
count < 3,000/mm3). Thus, leukopenia does not predict lymphopenia. 
In the patients found to be lymphopenic, AZA/6MP was used as 
treatment by 84% of them. However, 16% (7/44) of the lymphopenic 
were not using immunomodulators. 
    Seventy-nine (63%) of the patients evaluated were on chronic 
AZA/6MP therapy. Of those taking AZA/6MP, 39 (49%)patients 
developed lymphopenia, giving a relative risk of 3.39 with 95% CI (1.7 
to 7.0). The use of AZA/6MP did not play a role in who developed 
leukopenia. Of those taking AZA/6MP and found to be lymphopenic, 
only 5% were leukopenic.

Serious Infections
    In five patients, severe lymphopenia developed and CD4 counts, 
range (52 to 361), were monitored closely during this time. Two of 
these patients developed significant infections. Although the number 
of patients was small, multiple measurements of CD4 counts took 
place and these levels were analyzed with WBC and lymphocyte 
levels. Lymphocyte levels and CD4 counts were closely related 
r=0.95 (p<0.000001), however, WBC counts and CD4 counts 
were not (r=-0.27, p= 0.17). In one patient, despite undetectable 
levels of 6TGN after discontinuation of azathioprine, lymphopenia 
was prolonged and took over 6 months to return to normal range. 
This patient had a CD4 count as low as 84 during treatment on 
azathioprine and developed herpes zoster infection. Interestingly, this 
patient maintained a normal leukocyte count (range 5700 to 11,200) 
prior to, during, and after the infection despite the low CD4 counts 
and lymphopenia.Therefore, we believe the lymphopenia could 
have contributed to his infection. At the time of initial diagnosis of 
lymphopenia, the patient’s disease was under control. However, when 
the lymphocyte levels normalized, the ulcerative colitis worsened.
    A second patient with pre-existing lymphopenia (lymphocyte 
count of 360 on 20 mg prednisone daily) worsened when placed on 
azathioprine. His absolute lymphocyte count dropped to 200, and his 
CD4 count was found to be 52. His leukocyte count also remained 
normal (range 4100 to 4800). Although his ulcerative colitis had 
improved, he developed night sweats, dyspnea on exertion, and was 
admitted and treated for pulmonary coccidiomycosis. The patient 
recovered successfully, albeit after a prolonged hospitalization. No 
opportunistic infections occurred in patients with normal lymphocyte 
counts.
    The three other patients with severe lymphopenia did not develop 
significant infections and their lymphocyte levels improved to the 
normal range soon after the discontinuation of AZA/6MP.
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Figure 2 Correlation of 6-Thioguanine (6TG) levels to mean corpuscular 
volume (MCV).
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Figure 3 Correlation of 6-Thioguanine (6TG) levels to absolute lymphocyte 
counts.
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Correlation of Metabolite Markers to Complete Blood Counts
The 6TGN levels were compared to WBC counts, absolute 
lymphocyte counts and MCV levels using Spearman’s correlation 
coefficient. 6TGN levels compared to WBC counts showed a 
correlation of -0.3 (p=0.04) as depicted in Figure 1. As shown in 
Figure 2, 6TGN to MCV levels were found to be correlated by an r 
of 0.33 (p=0.04). 
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    Since very few patients with lymphopenia had leukopenia, it was 
not unexpected that the 6TGN to lymphocyte correlation coefficient 
was very low (r=-0.05, p=0.72) as seen in Figure 3. 6MMP, as 
expected, showed no significant correlation to WBC counts (r = 
-0.11, p=0.45), to MCV levels (0.1 (p=0.54), or to lymphocyte counts 
(r= -0.1, p=0.5). 

DISCUSSION 
This study demonstrates that lymphopenia occurs in a significant 
number (42%) of patients with inflammatory bowel disease. The 
use of AZA/6MP increases this risk by almost 3 fold. However, a 
small group of patients develop lymphopenia without the use of 
these immunomodulators. Given the increasingly complex medical 
regimens used in treating IBD, including TNF-alpha antagonists, with 
possible affects on leukocytes and lymphocytes, it might be difficult 
to ascribe lymphopenia to a single class of medications. However, 
in this series of patients, no other medications increased the risk of 
lymphopenia. 
    In a similar study by Al Rifal and colleagues that assessed 
lymphopenia in IBD patients from 2 large tertiary care centers, 
18/52 (35%) developed lymphopenia and 10/52 (19%) had severe 
lymphopenia which they defined as less than 600[10]. In their patients, 
the lymphopenia lasted on average 85 days, resolved spontaneously 
and none developed any opportunistic infections. In contrast to our 
findings, they showed that steroid use was associated with a higher 
rate of lymphopenia than immunomodulators. 
    Nguyen and colleagues found higher rates of lymphopenia in 
pediatric patients on combination of aminosalicylate and thiopurine 
treatment which they linked to an aminosalicylate induced increase 
in both 6-TGN and 6-MMPN concentrations[11].
    Our study clearly demonstrates the association of lymphopenia 
with immunomodulators treatment in IBD. The clinical significance 
of this finding remains to be determined, but there are several 
potential implications that need to be clarified in future studies, 
including: 1) the association between lymphopenia and other markers 
of AZA/6MP dosing, 2) the correlation between lymphopenia and 
either biologic efficacy or complications of these medications in 
treating IBD patients.
    In evaluating the metabolite markers 6TGN and 6MMP for any 
correlations to blood counts, only two were found to be statistically 
significant (p < 0.05) between 6TGN levels and WBC and MCV. 
However, correlation coefficients of 0.3 and 0.33 respectively, 
in the clinical setting cannot be translated as a sufficiently strong 
association to employ in clinical practice. 
    The two most significant complications of immunomodulators, 
infection and lymphoma, may be related to lymphopenia. 
Lymphocyte counts may be low enough to cause opportunistic 
infections, such as herpes zoster and pulmonary coccidiomycosis 
as found in our patients. CD4 counts measured in these patients 
were found to be in the AIDS defining range. Consideration of this 
should be taken into account when advising patients of side effects 
of this medication and the amount of immune suppression that could 
potentially place the patient at risk of infectious complications. A 
similar association between lymphopenia and infection was found 
byin a study by Govani and Higgins that evaluated the combination 
of thiopurines and allopurinol use in IBD patients. They found that 
5/27 subjects developed infectious complications which were related 
to lower absolute lymphocyte counts compared to those without an 
infection[12].
    Although the number of patients that developed infections were 

small in their study and ours, the possibility that lymphopenia may 
identify a subset of patients at risk for significant drug induced 
complications will be need to be clarified in future studies.
    Although conventional wisdom has implicated leukopenia (WBC 
<3000) as a risk factor for developing lymphoma, there is no direct 
evidence, to our knowledge to support this theory. Given recent data 
that suggests a several fold increase in lymphoma in azathioprine 
treated IBD patients, it is reasonable to consider lymphopenia rather 
than leukopenia as a risk factor[13]. Thiopurines are cytotoxic for 
natural killer and cytotoxic T cells. A decrease in their inhibition 
effect on Epstein Barr virus-infected and immortalized B cells may 
be a trigger mechanism for development of lymphoma[13]. Larger 
scale prospective studies would be required to adequately address 
this issue.
    A study of 6MP metabolites in children with acute lymphoblastic 
leukemia showed correlation of WBC counts to 6TGN levels only 
if the medication caused myelotoxicity[14]. When these patients were 
grouped into those who had an expected myelotoxicity to 6MP, the 
correlation coefficient was r = -0.463, p < 0.0001[14]. In the group 
of patients that did not show myelotoxicity to the drug, 6TGN, no 
significant relationship was found[14]. This raises the possibility that 
there may be subsets of populations (such as in children or in patients 
on 6MP for other treatments besides IBD) where there is a good 
correlation between increased 6TGN levels and myelotoxicity while 
in others not.
    In our study, there was no correlation between 6TGN levels and 
lymphocyte counts. This is not a type II error; to have achieved any 
statistical significance, the study would have required over a thousand 
patients. Leukopenia does not correlate to lymphopenia.Therefore, 
one cannot rely on either CBC or 6TGN levels to determine who may 
develop lymphopenia. In our patients, lymphopenia was sometimes 
prolonged & persisted even with undetectable metabolite levels. 
Using MCV levels and WBC counts to monitor the efficacy of the 
medication would not be advised due to their poor correlation with 
6TGN levels. 
    Lymphopenia may represent an integral component of 
the therapeutic effect as well as a significant risk factor of 
AZA/6MP therapy. Prior studies suggest that AZA/6MP exert 
the immunosuppressive effect by inhibiting Rac1 activation in T 
lymphocytes and inducing apoptosis[3]. The retrospective nature of 
study did not permit for an accurate correlation of disease activity 
to the blood counts and metabolite levels. Therefore, we cannot 
determine a correlation between lymphopenia and clinical response 
in this study. As with other components of the immune response in 
IBD, the link between the intestinal environment and circulating 
lymphocytes is problematic. 
    Clinical significance of these findings still needs to be fully 
defined. A more detailed analysis of clinical activity in relation to 
blood markers can put the relationship between lymphopenia and 
disease activity into perspective. Although is possible that there is a 
dichotomy between therapeutic and toxic effects, we suspect that the 
two may be linked. 
    Identifying individuals with AIDS-like lymphopenia with 
simultaneously normal WBC and 6TGN levels provides a clear 
indication of the complexities of the pharmacometabolism of 
these drugs and the risks of opportunistic infections. The relatively 
modest effort of tracking lymphocyte counts may reduce rare, but 
serious, complicatons and improve outcome in IBD patients on 
immunomodulators.
    More recently, a missense variant NUDT15 gene mutation has 
been found to confer increased susceptibility to thiopurine-induced 
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15 Asada A, Nishida A,Shioya M, Imaeda H, Inatomi O, Bamba S, 
Kito K, Sugimoto M, Andoh A. NUDT15 R139C-related thiopurine 
leukocytopenia is mediated by 6-thioguanine nucleotide-indepen-
dent mechanism in Japanese patients with inflammatory bowel dis-
ease. J Gastroenterol. 2015 Nov 21. [Epub ahead of print]

16 Liang DC, Yang CP, Liu HC, Jaing TH, Chen SH, Hung IJ, Yeh TC, 
Lin TH, Lai CL, Lai CY, Shih LY. NUDT15 gene polymorphism 
related to mercaptopurine intolerance in Taiwan Chinese children 
with acute lymphoblastic leukemia. Pharmacogenomics J. 2015 Oct 
27. doi: 10.1038/tpj.2015.75. [Epub ahead of print]
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leukopenia independently of the 6-thioguanine mechanism in East 
Asians, specifically studied in Koreans, Japanese, and Taiwanese 
populations[15,16,17,18]. We had a very low Asian population, and the 
fact that the NUDT15 mutation is rare in IBD patients of European 
descent, may explain the extremely low incidence of leukopenia in 
our study.
    Until further information can be obtained with larger number of 
patients to determine the correlation between laboratory assessment 
and clinical activity, we should be cautious in relying solely on total 
WBC, leukocyte counts, or drug metabolite levels to predict disease 
response to treatment or drug toxicity. Laboratory values should be 
used as a guide in conjunction with assessment of clinical activity. 
This multifactorial approach is perhaps the most optimal management 
for these patients. 
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