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Abstract	
[bookmark: OLE_LINK101][bookmark: OLE_LINK102]Arbitrarily, modern day treatment of inflammatory bowel disease begins with the introduction of immunosuppressives for ulcerative colitis. Clinical improvement with sulfasalazine had been meaningful but modest. Treatment with adrenocorticotropic hormone and corticosteroids led to clinical responses never before realized but it took much too long to recognize that they were not capable of maintaining remission, that adverse reactions were subtle but potentially devastating and that some other agent would be necessary to capitalize on their transient advantage. This of course was true in the treatment of Crohn’s disease as well. Not much was ever made of the role of sulfasalazine for Crohn’s disease, but with the severing of the diazobond and the elimination of the sulphur component, the 5-aminosalacylic acid (5-ASA) products clearly led to clinical improvement, especially in cases of Crohn’s colitis and those with ileitis where the 5-ASA product was released in the terminal ileum and more proximal in the small bowel as well as in ulcerative colitis. The induction of remission was first demonstrated by 6-mercaptopurine (6-MP) with case reports and uncontrolled trials in patients with ulcerative colitis, but its placebo controlled trial for Crohn’s disease firmly established its role in inducing remission. No subsequent trial has confirmed its similar role for ulcerative colitis, but nevertheless clinicians know well that 6-MP works at least as well and probably more effectively for ulcerative colitis than for Crohn’s disease. What changes have taken place utilizing 6-MP in the management of inflammatory bowel disease since its introduction in the 1960’s and 1970’s and its trial for Crohn’s disease published in the New England Journal of Medicine in 1980?
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CALCULATION OF DOSE 
[bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112]In the original controlled study, the dose of 6-mercaptourine (MP) chosen by Present and myself was based on weight at 1 ½ mg per kg. This precedent has subsequently been used in almost all other studies around the world when the immunosuppressive of choice was 6- MP rather than Azathioprine. Despite this and due to my own experience based on the wide range of leukopenia as influenced by dose, I changed my preference from dose by weight and started all patients at 50 mg/d. Since in both cases my policy was to have blood drawn for a complete blood count (CBC), at one, two and three weeks, a rapid fall in the white blood cell count (WBC) would be recognized early and the drug could be reduced or stopped accordingly. On the contrary should there be no fall in the WBC and there also be no clinical improvement in the inflammatory bowel disease (IBD), ulcerative colitis (UC) and Crohn’s disease (CD), I would have the opportunity to increase the dose within the 3 wk period[1-5].
If the patient were still on steroids when the 6-MP was started and there was clinical improvement, I have reduced the steroid dose early to minimize its duration, also keeping in mind that the WBC was elevated because of the steroids and their reduction might accelerate the leukopenia. Reintroduction of 6-MP after stabilization on recovery from the leukopenia would be by 25-50 mg less than before. Some patients tolerate only as little as ½ tablet or 25 mg/wk while others require an increase up to 300 mg/day, the low and the high doses being equally effective for the individual case.
This exercise has been modified by the availability of biologicals since the severity of disease and lack of response to early doses of 6-MP will serve to accelerate the decision to add the biological to the therapy[6-8].

UTILIZATION OF SEROLOGICAL TESTS TO INFLUENCE THE DOSE OF 6-MP 
Since these tests were not available in the 1960’s and 1970’s, we were permitted a prolonged period of experience without them and then later learned that I never had to utilize them. By the time I would decide to start 6-MP the first CBC was drawn and interpreted before there was even time to receive a report on TPMT, TGN or TPPT. Furthermore, a favorable clinical response was documented as early as possible since the blood counts were entered on a monitor sheet followed by directions by me when the patient called as told to do so. If the patient did not call on time, it was the practice of my office to call them should a change in dose be warranted. With increased experience, I would also get liver function tests including a GGTP early on and then periodically to recognize mild abnormalities consistent with an acceptable “transaminitis” versus a progressive abnormality of true liver damage. One monitor sheet included a column for WBC, Hb, Hct, and platelets and another for bilirubin, SGOT, SGPT, alkaline phosphatase, GGTP and Amylase[9-12].

MAINTENANCE THERAPY WITH 6-MP FOLLOWING SUCCESSFUL INDUCTION
As an outcome of the original controlled trial, we learned that the mean time to induction of remission was three months. Even then, however, it was clear that some patients responded faster, even as little as three weeks, and others might take up to a year and still be successful. The differences were modified by recognizing the success of a small dose of 6-MP leading to that dose becoming the maintenance dose, and the failure of the initial dose leading to a relatively rapid increase until the maintenance dose was found without requiring a whole year or even six months. Again, should the patient be on steroids when the 6-MP was started, tapering and elimination of the steroids was part of the goal, always mindful that any reduction of steroids increased the risk for leukopenia.
The role of immunosuppressives in top down vs bottom up straddles these two approaches to therapy. This is because 6-MP has maintenance as well as induction value as opposed to steroids which work quickly but have no maintenance value and infliximab which also works quickly and does have maintenance value. The 6MP, however, is slower in its action than both of the above in most cases. Therefore 6MP will be more appropriate as a Step Up drug unless used from the outset as a Top Down in conjunction with infliximab as done in the Sonic Trial. 
At the other end of the spectrum, after prolonged remission on 6-MP (± a 5-ASA product but no biological as yet), some patients wanted to stop the drug, others refused to stop it remembering the severity of their disease before its introduction, and others accepted my recommendation based on clinical judgment. The time between CBC’s and LFT’s was already extended due to persistence of normality, so that some patients reached an interval of three months. I have chosen not to extend the interval beyond this period. If I then chose to reduce the dose on clinical grounds (usually because of patients’ persistent fear of toxicity), I would deduct 25-50 mg. from the daily dose and keep that level for a trial of one year before considering a further reduction. This means that some patients would be maintained on one tablet/day (reduced from 2/d or 1 ½/d) and others on ½ every other day reduced from ½ /d or ½ on two out of three days.
At this time I will add that in a few cases I eventually stopped the 6-MP entirely. I have not yet analyzed the results but have witnessed many examples of recurrence on both stopping and reducing the dose of the 6-MP[13-16].

DESENSITIZATION TO 6-MP IN THE COURSE OF TREATMENT OF IBD
Next to leukopenia, allergic reactions to 6-MP are the next most common adverse effects. Whether nausea and malaise are also on an allergic basis has not been clear. In my own experience, the most common allergic reactions are fever, skin rash, joint pains and back pain. Unfortunately, the 6-MP has often been terminated on this basis and both CD and UC have frequently progressed in severity thereafter, leading to surgical resections which might not have been necessary. Just as we have found earlier that desensitization to sulfasalazine not only is frequently successful, and treatment with that drug resulted in remissions of IBD, particularly UC, desensitization has been fruitful for 6-MP. This has been done by starting with as little as 1/8 tablet and increasing the dose every few days or switching to Azathioprine at either full dose or the same fractions. In my experience the only allergic reaction to which desensitization has rarely been successful has been pancreatitis. Once desensitization to 6-MP has been accomplished, remission has been maintained on this drug for many years[17, 18].

TOXICITY TO 6-MP IN THE COURSE OF TREATMENT OF IBD
Other than leukopenia and allergic reactions to 6-MP, concern about neoplasm has prevailed. After many years of experience, I am convinced that malignant tumors such as breast, lung, liver, pancreas, kidney, prostate and brain are not more common in those treated with 6-MP than in the entire IBD population or the general population. The problem of lymphoma has warranted intense observation and it is statistically significantly increased but still rare. I accept the conclusion that a lymphoma occurs in somewhere between 1:2000 and 1:4000 cases. If it occurs its prognosis is no different than lymphomas in IBD patients not treated with 6-MP or Azathioprine or no IBD. The exception to this rule is the hepato-splenic lymphoma which carries the worst prognosis of the lymphomas and it occurs in children, particularly male children who have the most virulent IBD, so that even in this group of patients it is challenging not to use 6MP as well as to using it. Most patients with this type of lymphoma have been on combination therapy (6MP or Azathioprine plus IV infliximab) but the onus is on the immunosuppressive since the lymphoma rarely occurs with infliximab alone. The one neoplasm which theoretically might be increased with immunosuppressive therapy is colon cancer superimposed on ulcerative or Crohn’s colitis. My own studies and those of others have shown that this is not the case. If anything, treatment with immunosuppressives has reduced the risk of colon cancer, probably as a result of eliminating inflammation due to successful therapy.
Unfortunately, skin cancers are common in IBD patients treated with immunosuppressives. While basal cells can be successfully resected and don’t often lead to terminating 6-MP, this is not so true of squamous cell carcinomas which I see fairly commonly in patients who have received the drug for many years. I have rarely seen a melanoma in patients on 6-MP.
Opportunistic infections are rare. When they occur they correlate best with situations when the disease is not controlled by the immunosuppressive drug and usually when the patient is still being treated with steroids.
Pancreatitis usually occurs within three weeks of onset of treatment with 6-MP. In our original studies, we encountered pancreatitis in 3% of patients. I rarely see it anymore.
Thrombocytopenia is fairly common in patients on 6-MP and if it occurs it is usually in conjunction with leukopenia. Anemia due to 6-MP is rare and if it occurs is most likely accompanied by a pancytopenia and requires stopping the immunosuppressive therapy[19-26].

POST OPERATIVE PREVENTION WITH 6-MP
Trials of available drugs for prevention of recurrent ileitis after ileo-colic resection have been disappointing. My own study of 6-MP for this indication showed statistically significant but not impressive results. Nevertheless, I have had many patients who started 6-MP following surgery who have remained without clinical recurrence for many years. It is my impression that endoscopic recurrence may occur despite taking the 6-MP, but its progress to a point of clinical recurrence is extremely retarded. I have also reassessed the results of my own study and learned that when the 6-MP is started in the immediate peri-operative period, protection against the recurrence is far more effective. This is an area where infliximab is proving to be more effective than immunosuppressives, again best when started immediately postoperatively. More studies in the area of which drug, both, and when are needed to resolve this question[27-29].

THE ROLE OF IMMUNOSUPPRESSIVES FOR EXTRAINTESTINAL MANIFESTATIONS
Before the advent of biologicals, treatment of pyoderma gangrenosum, erythema nodosum, arthritic manifestations and uveitis were often successful with the introduction of 6-MP. If however, the extraintestinal manifestation occurs while the patient is already taking an immunosuppressive, the need to introduce a biological is clear.

PERIRECTAL FISTULAS AND OTHER FISTULAS
Many of my own studies have demonstrated the favorable effect on all fistulas with 6-MP treatment. Perirectal fistulas and abscesses often require incision and drainage in conjunction with 6-MP but are more likely to be recurrent without immunosuppressive therapy at the same time. Infliximab also has been very effective in closing fistulas. Nevertheless, it is fairly common to see persistent drainage from fistulas despite treatment with either drug alone and even with the combination. Fortunately, the severity of the residual fistula is not great and if the primary CD has been brought into remission, the patient tolerates the drainage well[30, 31].

PREGNANCY AND IMMUNOSUPPRESSIVES
The issue of 6MP and AZA before and during pregnancy prevails since the most common years of onset of Crohn’s disease and ulcerative colitis are during the ages of greatest fertility and Crohn’s disease occurs more often in females than males. Furthermore, consideration of continuing immunosuppressives during pregnancy is markedly diluted as an issue since pregnancy usually takes emotional priority over treatment of the disease in female IBD patients who want to stop all medications and so often the obstetrician is encouraging them to do so.	
The evidence favoring continuing 6MP/AZA during the pregnancy is based on the following: (1) The largest reported study on pregnancy and adverse outcomes possibly attributed to 6MP from Mount Sinai has concluded that these drugs are safe; (2) Most adverse reactions to 6MP/AZA occur early, soon after the drug is started. Therefore, the coincidence of any other toxicity to 6MP in pregnancy most likely must be attributed to active disease; and (3) If the most virulent factor with toxic complications during pregnancy is active Crohn’s disease and if the patient is in a remission just achieved by the drug, it should not be stopped. On the other hand, in a study from Lenox Hill Hospital there was a 23% incidence of spontaneous abortions (vs 13% in IBD controls), a 3% incidence of ectopic pregnancies (compared with none in IBD controls) and finally an abnormal amniocentesis in 2 patients (and none in the IBD controls). 
Statistically speaking, no one is yet certain of the risk or the safety of immunosuppressives taken before or during pregnancy and therefore no conclusion should yet be drawn. Logically there must be a compromise solution: (1) Given that the most important issue is active Crohn’s disease at conception, if the patient has already been started on the immunosuppressive drug it should be continued and the dose even increased if the clinical severity of the disease warrants it; o(2) If the IBD is in remission and has been for months or for years, I find no contraindication to stopping the drug at or before the diagnosis of pregnancy since our experience has shown that any exacerbation is not likely to occur immediately or for that matter even for months, by which time the pregnancy may be ended or at least the fetus is protected through the first trimester when theoretically it would be most susceptible to any danger. Should an exacerbation occur earlier in the pregnancy, the choice may be made to reintroduce the drug; (3) The risk of toxicity to the pregnancy when the father is the one who has the IBD and is taking 6MP/AZA raises a special consideration. If the male has been in remission, it might be prudent to stop the drug for 1 to 3 mo before conception. Since the timing of the pregnancy is so infrequently controlled, this opportunity does not occur often; and (4) Decisions whether to continue 6MP/AZA in pregnant women and their husbands who are taking the drug for IBD require rigorous clinical judgement. For example, if the woman has been in remission for a long time, it seems reasonable to stop the drug until delivery since recurrence is very unlikely. If recurrence does develop, then the drug can be restarted at that time. If either the pregnant female patient or the husband with IBD have active Crohn’s disease or have been in remission only briefly following a severe attack, I recommend continuing the drug. This is an area where rules should not be rigid[32-36].

THE ROLE OF 6-MP SINCE THE AVAILABILITY OF BIOLOGICALS; WHEN TO ADD ONE TO THE OTHER, WHEN TO TERMINATE ONE OR THE OTHER AND WHICH ONE
Some of the most challenging therapeutic decisions have been raised since the publication of articles suggesting that once a patient with Crohn’s disease is in clinical remission while being treated with both infliximab and 6-MP/AZA, there is no advantage to continuing the immunosuppressive drug. These studies do not adequately allow for the duration of treatment with the 6-MP, when it was started in reference to infliximab, or the duration and dose of infliximab required to bring the patient into remission. Furthermore, it does not allow for the conclusions of the Study of Immunomodulator Naïve Patients in Crohn’s Disease (SONIC) which demonstrated that the therapeutic efficacy of the combination of infliximab and 6-MP/AZA is greater than either drug alone.
The following are the my suggested options for changing therapy for Crohn’s disease and ulcerative colitis in regard to either 6-MP or AZA alone, infliximab or other biological alone, and 6-MP/AZA and a biological together.

No response or beginning failure with 6-MP/AZA alone
Increase the dose if WBC or platelets permit; add a biological; add a 5-ASA product (this is a particularly good opportunity to add a once daily dose product for compliance reasons.); surgery, usually the last resort, but influenced by location and specific complication of Crohn’s disease.

No response or failure with a biological
Increase the dose, decrease the interval between infusions or injections; add 6-MP or AZA; add a 5-ASA product; change the biological; Measure serum infliximab and antibody levels for guidance; brief rescue therapy with intravenous corticosteroids; Surgery, usually the last resort, but influenced too by location and specific complication of the Crohn’s disease.

Failure with combined therapy of immunosuppressive and biological
Increase the dose of the immunosuppressive if WBC or platelet counts permit; decrease the interval between infusions or injections; add a 5-ASA product; brief rescue therapy with intravenous corticosteroids; measure serum infliximab and antibody levels for guidance; stop biological if degree of immunogenicity is high and accompanied by allergic symptoms such as joint pains; stop 6-MP or AZA if complications suspected of being attributed to these drugs are evident, such as nausea, malaise, fever, and worsening liver or pancreatic function tests; surgery.

Eliminating 6-MP/AZA after remission with combined therapy of immunosuppressives and biologicals
Complications of drug or disease; reduce the dose – especially for persistent leukopenia; patients’ fear of late complications; in some cases of pregnancy or anticipated pregnancy; continuation influenced by earlier severity of the disease.

Eliminating biologicals (when used alone) after remission
Fear of complications of the drug; lack of compliance; now substitute 6-MP/AZA; first extend interval for infusion or injection; first reduce the dose; add a 5-ASA product if not already done.

Eliminating the biological or immunosuppressive after remission with both
To be considered preferably only after 1 full year of maintenance therapy and full dose of both after remission achieved; first reduce dose of the immunosuppressives; eventually eliminate the 6-MP/AZA or the biological; the author’s preference is to eliminate the 6-MP/AZA and continue the biological; later reduce the dose of the biological as well.
Once remission of the IBD has been maintained for at least a year, there are many considerations. While some patients do not wish to change the therapeutic program because of its success, others are fearful of complications of either or both drugs and are anxious to eliminate or reduce. In some cases the specific indication for starting the program remains tolerable but not eliminated, in which case I encourage the patient to persist. In other cases where the indication for starting one or both drugs is gone and indeed mucosal healing has been accomplished as well (mucosal healing to me requires histological healing), I undertake a dose reduction.
Despite the efforts made in rationalizing the reduction of 6MP vs infliximab, the subsequent management is currently influenced by the subsequent course of the primary disease rather than patient hardships or drug complications. I have witnessed exacerbations of Crohn’s disease and ulcerative colitis following elimination or reduction of both drugs. The course of management is then clear by reinstituting the appropriate drug, preferably to the dose of 6MP at which the longest remission was maintained or the infliximab at the dose and frequency of infusions in which remission was achieved.
One other option for failure or intolerance to 6MP or lack of response to Remicade is the substitution of a different biological. My experience is biased by the long period of time with the availability of only the Remicade. With the subsequent introduction of Adalimumab and Certolizumab pegol, I had already learned how to use the inflximab well and had no need to change, or if the infliximab had failed so then did the other biological that I then tried. Furthermore, I don’t consider self administration of the biological an advantage since the patient has been known to alter the dose or the frequency for whatever the rationale whenever the guidance of the managing gastroenterologist is reduced or otherwise modified. Rapport between patient and doctor remains an influential factor in successful therapy even though the scientific evidence for this might be lacking[37-39].

BRAND NAME VS GENERIC 6-MP AND AZATHIOPRINE
While there are no controlled trials to resolve this issue, I have seen more recurrences of IBD after switching to the generic than when continuing with the brand (Purinethol or Imuran). Therefore, I continue using the brand name when feasible.
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