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1. INTRODUCTION
These guidelines are intended for the treatment of antibody mediated rejection (AMR) following incompatible transplant (ABO and HLA) but may also be applied to AMR diagnosed following compatible transplantation [i.e. those without pre-formed anti-HLA donor specific antibodies (DSA) but with de novo DSA following transplantation].

Antibody mediated rejection (AMR) is now widely recognised as a major cause of graft failure. Major advances have been made in the diagnosis both in terms of histology and the detection of circulating DSA. Nevertheless, the optimum treatment for acute and chronic AMR remains unclear. To date there are few published randomised control trials examining the therapies currently used for acute and chronic AMR. Furthermore, studies are hampered by small numbers, heterogeneity of disease and interventions. A recent systematic review on the treatment of AMR found only five randomised controlled trials. Four of these were carried out before Banff formalised histological classification [1]. 
There are a number of on-going randomised control trials that may provide more reliable guidance on optimum treatment. This protocol has been generated on the basis of current evidence and recent guidelines published by The British Transplant Society [2].
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2. DIAGNOSIS OF AMR
	2.1 Criteria for diagnosis

Summary points

· C4d, DSA and histological evidence of microcirculatory injury all correlate with AMR and with each other but frequently all will not be present at diagnosis.

· C4d alone is NOT diagnostic (especially in ABOi transplantation). 

· C4d negative AMR is well recognized (& included in latest Banff classification).

· Focal C4d staining in PTC may be significant if present with other factors (DSA, histology). It likely portends a worse allograft survival compared to absence of C4d deposition.

· AMR may be DSA negative (e.g. non-HLA antibody may be responsible).


BTS guidelines recommend that the diagnosis of AMR can only be made following allograft biopsy. Therefore all patients with suspected AMR should undergo biopsy to confirm the diagnosis unless clinicians feel it is unsafe to do so (1C). 

A patient should be screened for circulating DSA if they have histologically proven AMR on biopsy (1C).
There are a range of features (clinical, serological and pathological) to be considered in both diagnosis and management of AMR. These include major features:

· DSA
· C4d positivity in peritubular capillaries on biopsy 

· Presence of microcirculatory inflammation (peritubular capillaritis/glomerulitis)

· Arteritis

· Presence of transplant glomerulopathy (indicates chronic AMR)

Other features which may indicate AMR:

· Acute tubular injury/acute tubular necrosis (ATN)

· Thrombotic microangiopathy (TMA)

Also severe T-cell mediated rejection (TCMR) may present at the same time as AMR (mixed rejection).
2.2 Banff Criteria
Acute active AMR (all three features must be present for diagnosis):
1. Histological evidence of acute tissue injury, including one of following:

Microcirculation inflammation (ptc >0 and/or g>0)

Intimal or transmural arteritis (v>0)

Acute thrombotic microangiopathy (in the absence of any other cause)

Acute tubular injury (in the absence of any other cause)

2. Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the following:

Linear C4d staining in peritubular capillaries (ptc)
At least moderate microcirculation inflammation (g+ptc) ≥2

3. Serological evidence of DSA (in the absence of serological evidence despite histological features, a diagnosis of ‘suspicious for AMR’ is made) [3].
Chronic active AMR (all three features must be present for diagnosis):

1. Morphologic evidence of chronic tissue injury, including one or more of the following:

Transplant glomerulopathy (cg>0), if no evidence of TMA

Severe peritubular capillary basement membrane multilayering on EM

Arterial intimal fibrosis of new onset excluding other causes

2. Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the following:

Linear C4d staining in ptc

At least moderate microcirculation inflammation (g+ptc) ≥2

3. Serological evidence of donor specific antibodies (DSA) HLA or other [3]
C4d staining without evidence of rejection (all three features must be present for diagnosis):

1. Linear C4d staining in peritubular capillaries

2. G=0, ptc=0, v=0, no TMA, no pertitubular capillary basement membrane multilayering, no ATI

3. No acute TCMR or borderline changes according to Banff criteria [3]
2.3 Caveats

Isolated glomerulitis (all three features must be present for diagnosis):

1. g>0 ptc=0, v=0, no TMA, no peritubular capillary basement membrane multilayering, no ATI

2. C4d staining negative

3. No acute TCMR or borderline changes according to Banff criteria [3]
Intimal arteritis

Intimal arteritis (v1 and v2) may be included in the lesions satisfying histologic criteria for AMR. In AMR it is associated with a worse prognosis. However, lesions are more commonly associated with mixed AMR/TCMR than with “pure” AMR and may be seen in pure TCMR in the absence of DSA. Intimal arteritis may be the only histologic manifestation of AMR (‘isolated v lesions’), although this is uncommon [3].
2 TREATMENT

2.1 National guidelines
Given the lack of randomised control trials, the optimal treatment for AMR is uncertain. KDIGO guidelines suggest AMR should be treated with one or more of the following (with or without steroids); plasma exchange, intravenous immunoglobulin                         (IVIg), anti-CD20 antibody and lymphocyte-depleting antibody (level 2C or less) [4].
For patients who have an antibody incompatible transplant recipients with acute AMR, BTS guidelines are as follows:
Recommend 
· Patients receive or are switched to baseline maintenance treatment with tacrolimus, mycophenolate mofetil and steroids at usual maintenance doses and treated with high dose steroids (1C).
· Patients receive extracorporeal antibody removal with five cycles of treatment or until the DSA is no longer detectable (1C).                                         
Suggest

· IVIg, rituximab or bortezomib may be used in combination with other agents unless evidence emerges to the contrary (2D)

· Eculizumab may be considered for rescue therapy in resistant acute AMR in cases which are C4d positive or the DSA have complement fixing properties (2D)
· Splenectomy (with or without eculizumab) may be considered to rescue AMR presenting with acute onset oliguria/anuria in the early period after antibody incompatible transplant (2D) [1]
2.2 Summary of therapeutic options and management
Where a positive diagnosis of AMR is made the patients should receive IV pulsed methylprednisolone (500 mg x3). 

Additional immunosuppression will be determined by other clinical features (see table below)

	Category
	1
	2
	3
	4
	5
	6

	DSA


	+
	-
	+
	-
	-
	+

	C4d


	+/-
	+/-
	+/-
	+/-
	+
	-

	Microcirculatory inflammation


	+
	-
	+
	+
	-
	-

	Arteritis


	+
	+
	-
	-
	-
	-

	Treatment
	PEX,
IVIg,
ATG
	Consider

ATG
	PEX,
IVIg,
Consider

Bortezomib
*
	Consider treatment as for category 3

Early re-biopsy

†
	Monitor,
 Early re-biopsy
	Monitor,
 re-biopsy depending on renal function or DSA rise

	DSA: Donor specific antibodies, PEX: Plasma exchange; IVIg: Intravenous immunoglobulin; ATG: Anti-thymocyte globulin

	* Decision to give Bortezomib must be discussed with MDT. 

Decision may depend on the level of DSA. Current advice is to consider Bortezomib if DSA >4000 MFI or > 2000 MFI after 3 months in the presence of histological features of AMR. 

	†  Look for other features of AMR including ATN and/or TMA-if present consider treatment 

If microcirculation inflammation is limited to isolated glomerulitis, then current evidence does not support intervention but would advise early re-biopsy


2.3 Suggested therapies and rationale
Treatment of Acute active AMR 
Early diagnosis is key to preserving function and good outcomes can be expected with treatment of early acute AMR. Suggested initial treatment includes:

IV Methylprednisolone at dose of 500mg for 3 days.

Plasmapheresis: Minimum of 5 sessions of full plasma volume exchanges on alternate days [5, 6]. Further exchanges will depend on initial MFI of DSA and response to treatment

IVIg (Octagam): 100mg/kg after each exchange. Consider higher dose at the end of the final exchange to give a cumulative dose of at least 1g/kg [5, 6].
Check DSA after last plasmapheresis: send sample before IVIg is administered or else several days later, as it may lead to false positive results.
Severe or Refractory Cases
Additional treatment may be warranted in high-risk cases, cases with severe histological injury or cases refractory to the above treatment.

Bortezomib: If cumulative MFI is persistently high (i.e. MFI >4000 early or >2000 at three months) then consider Bortezomib for a maximum of two cycles. A cycle consists of 4 injections of Bortezomib 1.3mg/m2 subcutaneously administered over two weeks-generally day 1, 4, 8, 11. 

Anti-thymocyte globulin (ATG): If evidence of intimal or transmural arteritis with or without other features of acute TCMR, consider adding ATG to plasmapheresis and IVIg (see main protocol for dosing information). 
· If ATG is to be added to AMR treatment, for severe TCMR (≥Banff IIA) or adjuvant therapy for AMR, this can provide logistical challenges as it may be desirable to give plasmapheresis, IVIg & ATG.

· In this instance, ATG may be administered post plasmapheresis. IVIg may be given as 2 doses of 500mg/kg (i.e. cumulative 1g/kg) after plasmapheresis/ATG is complete.

· Note that ATG may also have some anti-B cells effects and therefore may be beneficial in resistant AMR.
Eculizumab: If evidence of acute thrombotic microangiopathy (in the absence of any other cause), there may be a rationale for seeking approval to use anti-C5a inhibitor. This is usually reserved as salvage therapy for cases of severe AMR with evidence of endothelial injury as a result of antibody interaction with the vascular endothelium. 
Mixed (AMR and TCMR) rejection
Simultaneous occurrence of AMR and TCMR or "mixed rejection" is common especially in late presentations with non-adherence/under-immunosuppression. It frequently has a predominance of Class II DSA, established chronic histological features and a bad prognosis. ATG may be a therapeutic option (see above).
Treatment of chronic active AMR

Late (>6 months) AMR is less responsive to any current therapeutic intervention and is likely to progress to transplant glomerulopathy and ultimately allograft failure irrespective of treatment. Maintenance immunosuppression should be reviewed and if not already taking it, patient should be switched to MMF (greater anti-B cell effect compared to azathioprine), tacrolimus and steroids increased or re-introduced.

Any of the above interventions may be considered in addition to the above if consensus is that histology demonstrates microcirculation inflammation and chronic scarring is minimal. 

In practice, therapeutic interventions rarely extend beyond methyl prednisolone, plasmapheresis and IVIg. Bortezomib may be considered if the patient has persistent DSA but the evidence base for use in chronic active AMR is currently lacking [17]. 
Chronic AMR/transplant glomerulopathy
Chronic AMR is much less likely to respond to treatment so the degree of IF/TA and transplant glomerulopathy should be assessed before a decision to treat is made.

There is no clear benefit with any intervention for late AMR, including with novel therapies (rituximab/bortezomib) [17]. Consider maximizing immunosuppression & switching to tacrolimus/MMF if not already these agents.

If treatment is considered in chronic AMR, there should be evidence of at least some ongoing activity.

If treatment is considered in chronic AMR, the full protocol may be individualized e.g. plasmapheresis is likely of no benefit in this setting and may be omitted.
2.2 Evidence base
Caveats:
i. Most evidence is in the form of case series and uncontrolled studies, often using historical cohorts as comparators, and usually only reporting positive outcomes leading to possibility of reporting bias.

ii. The exact diagnosis in many studies is imprecise. Like real life, many have either DSA or C4d+ but not both and histological lesions reported are often incomplete.

Rituximab:

Rituximab has one RCT showing no benefit [7] and many uncontrolled studies/case series showing benefit [8], including the addition of rituximab AND plasmapheresis to IVIg which showed benefit versus IVIg alone in an historical cohort [9]. This makes it impossible to ascertain which of rituximab or plasmapheresis (or both or none) led to the improvement. The largest retrospective study of 54 patients included half receiving rituximab 500mg once-off with both groups receiving plasmapheresis [10]. IVIg was only given if IgG was low (n=2) and benefit was seen in the rituximab group. However, another historical cohort showed much less impressive results with rituximab (see comparison with bortezomib below) [11].

Bortezomib:

Bortezomib is accumulating non-randomized and uncontrolled studies suggesting benefit [8-10], including versus an historical small rituximab cohort [11]. In this study, patients received either one cycle of bortezomib or a fixed dose 500mg of rituximab (historical cohort). At 18 months, graft survival was 6/10 in the bortezomib group as compared to 1/9 in the rituximab group. Moreover, serum creatinine at 9 months was 2.5 ± 0.6 (bortezomib) versus 5.1 ± 2.1 mg/dL (rituximab). In the series by Flechner et al (n=20), one cycle (=4 doses) was administered along with steroids and IVIg at mean of 20 months post-transplant. Graft survival was 85% at 10 months and benefit was mostly in those with creatinine <3g/dL and low level proteinuria [13]. Its anti-plasma cell mechanism seems like an attractive target but randomized trials are lacking at present.

Most series have used one cycle (4 doses of subcutaneous 1.3 mg/m2 days 1, 4, 8, 11) extrapolated from the myeloma literature. The utility of additional cycles is unclear at this point but may be considered if ongoing evidence of AMR is present, with some evidence of benefit from the initial cycle (drop in DSA, improvement in histological feature, renal function etc.).

Eculizumab:

Eculizumab has a few case reports as salvage treatment, suggesting benefit [15], and some reporting no benefit [16] (at least in C4d negative AMR), but no robust data. It is precluded in routine management due to cost.
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