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Editorial

Paradigm shift in the management of type B insulin resistance
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Insulin-resistance is the principal pathogenesis of type 2 
diabetes mellitus. The increased insulin resistance impairs 
insulin secretion from beta cell in pancreas. Insulin-
resistance combined with minimal insulin secretion triggers 
type 2 diabetes mellitus. Insulin-resistance is frequently 
caused by obesity and the associated inflammation. The 
pathophysiological approach to treatment of type 2 diabetes 
features management of the insulin-resistance (1). However, 
rarely, a patient may exhibit extremely high-level insulin-
resistance and refractory hyperglycemia, despite treatment 
with multiple oral hypoglycemic agents and high doses of 
insulin. Severe insulin-resistance is clinically diagnosed 
when the daily, exogenous insulin requirement is over 
2 units per kilogram of body weight or over 200 units in 
total (2,3). Many medications, including glucocorticoids, 
atypical antipsychotics, calcineurin inhibitors, protease 
inhibitors, and oral contraceptives, are associated with 
severe insulin-resistance. Endocrine disorders (acromegaly, 
glucagonoma, thyrotoxicosis, Cushing’s syndrome, and 
pheochromocytoma) may also cause severe insulin-
resistance. It is occasionally possible to define the cause 
of severe insulin-resistance via a detailed history-taking 
and physical examination (4). However, if this does not 
succeed, it may be helpful to consider the syndromes of 
severe insulin-resistance; these are classified into three 
types by etiology (Table 1). Type A insulin-resistance is 
caused by a mutation in the insulin receptor gene INSR, 
and is thus inherited (5). Type B insulin-resistance is a more 
clinically severe form of disease caused by the production of 
antibodies targeting the insulin receptor. The pathogenesis 

of type C insulin-resistance remains unknown, but may 
feature impairment of tyrosine kinase activity, compromising 
the normal binding of insulin to its receptor (6). This 
form of insulin-resistance is associated with a distinctive 
clinical phenotype termed hyperandrogenism, insulin 
resistance, and acanthosis nigricans (HAIR-AN) syndrome. 
Particularly, patients with type B insulin-resistance are 
refractory to therapy and experience high-level mortality 
despite treatment. The aims of treatment are to normalize 
the blood glucose level, restore the hypercatabolic state, and 
prevent hyperglycemic complications (including vascular 
complications and ketosis). However, the levels of insulin 
required to attain these goals may be very high. Although 
use of highly concentrated insulin solutions (such as U-500) 
reduce injection volumes and injection site pain, glycemic 
control is limited by the fact that peak insulin activity 
develops 4–6 h post-injection and the duration of action is 
only 12–14 h (7,8). Pioglitazone, a peroxisome proliferator-
activated receptor gamma agonist, is an insulin sensitizer 
reducing insulin-resistance in type 2 diabetes patients (9). 
However, patients with type B insulin-resistance taking 
pioglitazone exhibited uncontrolled blood glucose levels 
and persistent insulin-resistance.

Alternative therapies seek to modulate the autoimmune 
issues of patients with type B insulin-resistance, and 
include plasmapheresis (10), intravenous immunoglobulin  
injection (11), and high-dose steroids. No large placebo-
controlled trials have been conducted; the results are confined 
to case reports and small patient populations (12), and are 
conflicting. Rituximab, an anti-CD20 monoclonal antibody, 
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depletes CD20+ B cells and reconstitutes the peripheral 
B cell lineage (13). Rituximab in combination with 
cyclophosphamide and a high-dose pulsed corticosteroid 
induced remission in insulin-refractory patients, as did 
a combination of intravenous immunoglobulin and 
plasmapheresis (14), and corticosteroid therapy (15). 
Recently, complete remission of type B insulin-resistance 
after immunotherapy that included rituximab has been 
described in several case reports (16-18). However, only 
short-term remission data were presented; long-term data 
are few in number.

Klubo-Gwiezdzinska et al. conducted a prospective 
cohort study featuring an immunotherapeutic combination 
that included rituximab. Long-term (72 months) efficacy 
and safety were remarkably good (19).  Combined 
immunosuppressive/remission therapy (rituximab, a high-
dose steroid pulse, and cyclophosphamide) followed by 
maintenance therapy (azathioprine) was associated with 
an excellent remission rate (86.4%) at an average of 6 
months. When on maintenance therapy, the recurrence 
rate was low (13.6%) over 72 months. A National Institutes 
of Health (NIH) report found that the mortality of 
patients with type B insulin-resistance was 54% within a 
mean of 62 months from diagnosis (20). In contrast, all 
patients treated via combined immunotherapy remained 
alive for 6 years despite (some) recurrence. Although 

four immunosuppressive therapies were applied, the 
incidence of adverse effects was low. No infusion-
related reaction or multifocal leukoencephalopathy 
was reported, despite the use of rituximab (21). Only 
one patient developed gross hematuria caused by 
cyclophosphamide-induced hemorrhagic cystitis (22).  
Severe neutropenia with an absolute neutrophil count 
less than 500,000/µL was reported in only one patient; 
cyclophosphamide was discontinued. Any worsening of 
hyperglycemia upon pulsed steroid therapy was transient; 
no severe hypoglycemia developed in any patient.

The type B insulin resistant patient who relapsed 
after treatment with plasmapheresis exhibited improved 
glycemic control after rituximab administration. However, 
uncontrolled glucose and elevated insulin antibody titers, 
so-called relapse, were encountered 2 years after rituximab 
treatment. Additional administration of mycophenolate 
and prednisolone with rituximab re-induced remission in 
terms of glycemic control and insulin antibody titer (17).  
According to some previous cases, rituximab has a very 
high efficacy for inducing initial remission in type B 
insulin resistant patients, in spite of relapse from the initial 
treatment modality such as intravenous immunoglobulin 
or plasmapheresis. Although it is highly effective at 
inducing remission, maintaining remission with rituximab 
itself is challenging. Therefore, additional treatments, 

Table 1 Differential characteristics of the severe insulin-resistance subtypes

Type A Type B Type C

Symptoms Not definite till puberty, hyperandrogenic 
state, insulin resistance, acanthosis  
nigricans, occasionally not obese

Refractory hyperglycemia, severe insulin  
resistance

A variant of type A, the  
HAIR-AN syndrome

Prevalence 1:100,000; female predominance Rare; no prevalence reported 1–3% of females exhibiting 
hyperandrogenism

Causes Mutations in INSR gene Autoantibodies block the insulin receptor and 
impair insulin signaling; frequently associated 
with autoimmune disorders

Reduced insulin receptor 
kinase activities

Inheritance Autosomal dominant or autosomal  
recessive

Not known Not known

Prognosis Generally, not life-threatening Mortality over 50% Generally, not life-threatening

Treatment (I) Glycemic control and avoidance of 
hypoglycemia; (II) recombinant human 
insulin-like growth factor-1 therapy under 
investigation; (III) genetic counselling

(I) Glycemic control: large amount insulin required 
by patients of the NIH cohort (>5,100 units/day); 
(II) Autoimmune control: (i) plasmapheresis; (ii) IV 
immunoglobulin; (iii) glucocorticoid;  
(iv) combined immune suppression therapy

(I) Weight loss;  
(II) antiandrogenic agent;  
(III) management of type 2 
diabetes mellitus

HAIR-AN, hyperandrogenic, insulin-resistant, and acanthosis nigricans; NIH, National Institutes of Health; IV, intravenous.
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such as mycophenolate, cyclophosphamide, high dose 
prednisolone, and azathioprine, are needed to maintain the 
initial remission (12). Protocols for the dose and duration of 
alternative therapy are not standardized and differ among 
cases. Klubo et al. applied a relatively coherent treatment 
protocol to 22 patients (one cycle of rituximab, five 
consecutive steroid pulses, and additional cyclophosphamide 
for 6 months). Although many patients were enrolled in the 
study, further cases using the same treatment protocol are 
required to establish a standardized combined therapeutic 
regimen for type B insulin resistant patients. Furthermore, 
long-term follow up data from treated patients will assess 
the efficacy and long-term safety of rituximab-based 
combined chemotherapy.

In summary, rituximab-based combined chemotherapy 
appears to be a highly effective and safe therapeutic regimen 
for patients with type B insulin-resistance. The combined 
chemotherapy shows superior durability to achieve 
sustained remission over 6 years. It may be possible to 
change the clinical course of type B insulin-resistance from 
one that is often fatal to one that is curable. With additional 
large-size trials and long-term follow up data, rituximab-
based combined chemotherapy may become the standard 
treatment for patients with type B insulin-resistance.
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