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Introduction
Hematopoietic cell transplantation (HCT) is a 
potentially curative therapy for hematologic mali­
gnancies that relies on the graft-versus-leukemia 
(GVL) effect to eradicate malignant cells. GVL is 
tightly linked to graft-versus-host disease (GVHD) 
however, in which donor T cells damage healthy 
host tissues.1 Acute GVHD occurs in nearly 50% 
of patients receiving HCT, and damages the skin, 
liver, and gastrointestinal (GI) tract. At the onset 
of GVHD, the majority of patients have skin 
involvement (~75%), and a substantial propor­
tion have GI dysfunction (~30%), whereas liver 
disease is rare (8%).2 Tissue biopsy is often not 
helpful in establishing the diagnosis because his­
topathologic features are not sufficiently specific 
to distinguish between myriad etiologies of post-
transplant organ dysfunction.3 Therefore the 

diagnosis of acute GVHD is made based primar­
ily on the clinical assessment of symptoms, the 
severity of which is quantitated on a scale from 1 
to 4 in each target organ (clinical stage). The 
organ stages are totaled in an overall grade (I–IV), 
and severe (grade III/IV) GVHD has a high mor­
tality rate (50–70%).

The primary treatment of GVHD is immunosup­
pression with high-dose systemic glucocorticoids, 
usually lasting for a minimum of several months. 
Even when steroid therapy results in complete 
resolution of GVHD symptoms, intensive immu­
nosuppression leads to significant morbidity and 
mortality, including opportunistic infections, 
avascular necrosis, osteopenia, osteoporotic frac­
tures, metabolic disturbances, and neuropsychi­
atric abnormalities.4–6 The response of GVHD to 
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therapy has traditionally been measured by the 
change in clinical symptoms, or the reduction in 
overall grade following the start of treatment. 
Patients who do not respond to primary therapy 
face dismal outcomes, with greater than 50% 
mortality.2,7 The clinical response to therapy after 
4 weeks has been the most useful predictor of 
nonrelapse mortality (NRM), and serves as the 
primary endpoint in most clinical trials of GVHD 
treatment.8,9 Yet the change in clinical symptoms 
has a poor positive predictive value (PPV) and 
better predictive methods are urgently needed.

Acute GVHD biomarkers
In the past decade, serum biomarkers have 
emerged as an additional potential measurement 
of acute GVHD severity.10 Several cytokines, 
cytokine receptors, and T cell surface markers 
have shown positive correlations with clinical 
GVHD outcomes. The first validated systemic 
biomarkers of acute GVHD were combined into 
a four biomarker panel consisting of serum con­
centrations of IL-2Rα, TNFR-1, IL-8, and 
hepatocyte growth factor (HGF).11 Elevated 
levels of T-cell immunoglobulin and mucin 
domain-3 (TIM3), a protein that reflects T cell 
exhaustion, predicted severe (grade III/IV) 
GVHD and 1-year NRM.12,13 IL-6 also was 
observed to be elevated early post-transplant in 
patients who later developed GVHD, and its 
blockade has emerged as a potential prophylac­
tic strategy.13,14

In addition to such markers of systemic inflam­
mation, several proteins related to GVHD organ 
damage have now been identified. Elafin, an 
elastase inhibitor, was the first validated bio­
marker that was specific for GVHD of the skin.15 
Cytokeratin 18 fragments and HGF were found 
to correlate with visceral (gut and liver) 
GVHD.16,17 Several biomarkers have been iden­
tified and validated for GI GVHD, which is the 
target organ most refractory to treatment. 
Regenerating islet-derived 3 alpha (REG3α), 
either alone or in combination with other mark­
ers, has been validated as a biomarker of lower GI 
GVHD and long-term mortality.18–20 Suppressor 
of tumorigenesis 2 (ST2), which derives primarily 
from GI tissues during GVHD, has been shown 
to correlate with poor outcomes by a number of 
different groups.21–23 Amphiregulin, a weak ago­
nist of the epidermal growth factor receptor 

produced by type 2 innate lymphoid cells that can 
heal damaged mucosa in murine models of 
GVHD, has been show to improve the accuracy 
of clinical severity of GVHD in predicting the risk 
of NRM.24–26

The discovery and validation of GVHD bio­
markers is a principal objective of the Mount 
Sinai Acute GVHD International Consortium 
(MAGIC), a group of 25 HCT centers conduct­
ing GVHD research. MAGIC has validated an 
algorithm that combines two GI biomarkers (ST2 
and REG3α) into a single value that estimates the 
probability of 6 month NRM for individual 
patients, known as the MAGIC algorithm proba­
bility (MAP). The MAP also predicts response to 
treatment and maximum GVHD severity, and is 
now commercially available and widely used 
among scores of centers in clinical practice. Both 
academic and commercial laboratories have dem­
onstrated that MAPs are highly reproducible, 
with 92% of samples receiving the same risk cat­
egory assigned by different laboratories.27 The 
MAP will be the focus of the remainder of this 
review, with consideration of the categorization of 
types of biomarkers as defined by the United 
States National Institutes of Health (NIH) and 
Food and Drug Administration (FDA).

The MAP and GI GVHD biology
Gastrointestinal crypt damage is the major driver 
of GVHD mortality, and both triggers and ampli­
fies systemic inflammation in GVHD through 
myriad mechanisms that relate to the biomarkers 
ST2 and REG3α.28 ST2 is shed from multiple 
cell types of the gastrointestinal epithelium, 
endothelium, and stroma.21,29 REG3α is concen­
trated in mucous and stored in Paneth cells, and 
plays an important role in GI homeostasis. Its 
release into the systemic circulation correlates 
with damage to the crypt, and its rising levels 
inversely correlate with the ability to regenerate 
gastrointestinal tissue.30 Each of these biomarkers 
reflects different aspects of gastrointestinal 
GVHD pathology, and their combination can be 
considered as a ‘liquid biopsy’ that quantitates 
crypt damage throughout the intestine; irreversi­
ble GI crypt damage is the principal driver of 
NRM from GVHD, and accounts for the predic­
tive accuracy of the MAP. Indeed, a recent study 
showed that 83% of NRM deaths were directly 
due to acute GVHD with or without infection.31
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NIH-FDA overview
The Biomarker Working Group convened by 
both the Food and Drug Administration and the 
National Institutes of Health has recently issued a 
report of biomarker definitions and their uses, 
entitled Biomarkers, EndpointS, and other Tools 
(BEST).32 The BEST report grouped biomarkers 
into eight main categories: safety, risk/susceptibil­
ity, diagnostic, prognostic, predictive, monitor­
ing, response, and endpoints. In this review, we 
will discuss MAGIC biomarkers and the MAP 
according to the categories of the BEST report, 
and how these biomarkers might be most appro­
priately used to personalize therapy for HCT 
patients.

A risk biomarker is one that ‘indicates the poten­
tial for developing a disease or medical condition 
in an individual who does not currently have clin­
ically apparent disease or the medical condi­
tion.’32 A relevant example of a risk biomarker 
from oncology are breast cancer genes 1 and 2 
(BRCA 1/2) mutations that increase the likeli­
hood that individuals harboring mutations will 
develop breast, ovarian, prostate, and other types 
of cancer.33–35 As a risk biomarker for GVHD, the 
MAP accurately predicts the development of 
severe and lethal acute GVHD prior to the onset 
of clinical symptoms when measured at 7 days fol­
lowing HCT.36 In a multicenter, prospective 
cohort study, HCT patients with elevated MAPs 
had a significantly greater incidence of NRM by 
6 months compared with those with low MAPs 
(26% versus 10%, p < 0.001).36 When measured 
prior to onset of GVHD symptoms the MAP also 
predicts organ involvement after 28 days of treat­
ment, steroid refractory GVHD, NRM, and over­
all survival.36 The prediction of these outcomes 
outperforms widely used clinical parameters, 
including the use of alternative donor sources, 
degree of HLA-match, conditioning regimen 
intensity, and age.

A diagnostic biomarker is one that is ‘used to 
detect or confirm presence of a disease or condi­
tion of interest or to identify individuals with a 
subtype of the disease.’32 One of the most com­
monly used diagnostic biomarkers in medicine is 
an elevated level of glycosylated hemoglobin 
(HbA1c) to identify individuals with diabetes mel­
litus.37,38 As a diagnostic biomarker, REG3α has 
the ability to distinguish diarrhea caused by 
GVHD from diarrhea caused by infection (e.g. 

cytomegalovirus), the other primary cause of 
lower GI dysfunction early after HCT.18 The 
combination of ST2 and REG3α in the MAP has 
not been formally validated as a diagnostic bio­
marker of acute GVHD.

A prognostic biomarker is one that is used ‘to 
identify the likelihood of a clinical event, disease 
recurrence or progression in patients who have 
the disease or medical condition of interest.’32 In 
acute myelogenous leukemia, measurable resid­
ual disease, or the ability to detect small num­
bers of malignant blasts below the traditional 
morphologic-based threshold of 5%, has 
emerged as a powerful prognostic biomarker for 
eventual relapse and mortality.39 At the onset of 
GVHD symptoms, the MAP is prognostic of 
long-term outcomes of significant clinical conse­
quence such as NRM and overall survival.19 The 
MAP at onset of GVHD stratifies patients into 
three Ann Arbor GVHD scores that each have a 
distinct risk of NRM (Figure 1). Ann Arbor 1 
patients (MAP < 0.141) account for almost half 
of patients at onset, and have a 6 month inci­
dence of NRM of 8%. Patients with intermedi­
ate MAPs (0.141 ⩽ MAP ⩽ 0.290) represent 
one-quarter of the total, and have 6 month NRM 
of 24%, and patients with high MAPs of >0.290 
account for the remaining quarter and have 
6 month NRM of 46%.36 After 1 week of treat­
ment, the MAP also predicts day 28 response, 
NRM, and overall survival (OS) for steroid-
refractory GVHD (Figure 2).40 Recent data 
show that the MAP predicts both NRM and 
OS better than the clinical response to treat­
ment when both are measured after 4 weeks of 
therapy.39 Thus the MAP is a prognostic marker 
of GVHD outcomes when measured at a single 
time point.

A predictive biomarker is one that is used ‘to 
identify individuals who are more likely than simi­
lar individuals without the biomarker to experi­
ence a favorable or unfavorable effect from 
exposure to a medical product or an environmen­
tal agent.’32 The deletion of the 5q chromosome 
in myelodysplastic syndromes (MDS) is an exam­
ple of a predictive biomarker that indicates the 
likelihood of response to lenalidomide therapy.40 
Such biomarkers can personalize therapy for indi­
vidual patients. ST2 was identified by comparing 
proteins elevated in glucocorticoid responsive 
and glucocorticoid nonresponsive patients.21
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In clinical practice, a biomarker may be prognos­
tic, prognostic but not predictive, or both prog­
nostic and predictive. A biomarker that is 
prognostic but not predictive is one that indicates 

the likelihood of a clinical event without indicat­
ing the clinical benefit of a particular therapy. 5q 
deletion is both a prognostic biomarker for out­
comes of MDS a predictive biomarker of lenalid­
omide treatment of MDS.41 The MAP is a 
prognostic biomarker because it determines the 
likelihood of NRM after several types of ther­
apy.31,36,40 The MAP is also a predictive marker 
that indicates the likelihood of response to steroid 
therapy for GVHD. When the MAP was evalu­
ated 7 days after HCT, patients with high MAPs 
experienced significantly higher rates of steroid 
refractory GVHD than those with low MAPs 
(35% versus 15%, p < 0.001).36 Similarly, the rate 
of response to glucocorticoid therapy decreased 
as the MAP increased when it was measured at 
the start of treatment (Ann Arbor 1 = 81%, Ann 
Arbor 2 = 68%, Ann Arbor 3 = 46%, 
p < 0.0001).19 Thus the MAP may prove to be 
both predictive and prognostic, but the FDA-
NIH definition requires predictive potential to be 
assessed relative to each specific therapy.

Biomarkers that are measured repeatedly over 
time to asses ‘status of a disease or medical condi­
tion or for evidence of exposure to (or effect of) a 
medical product or an environmental agent,’ are 
known as monitoring biomarkers.32 A commonly 
used monitoring biomarker for anticoagulant 
therapy is the prothrombin time/international 
normalized ratio that monitors warfarin activity. 
Because the MAP functions well as a prognostic 

Figure 1.  MAP at GVHD onset divides patients at onset into Ann Arbor groups. Left: Six month cumulative 
incidences of NRM in each AA GVHD score (n = 212). AA 3 46% (95% CI, 32–58); AA 2 24% (95% CI, 14–36); and 
AA 1 8% (95% CI, 4–15). Right: Proportion of patients in each AA group. AA 3 27% (n = 57), AA 2 28% (n = 59), and 
AA 1 45% (n = 96). Originally published in JCI Insight.36

AA, Ann Arbor; GVHD, graft-versus-host disease; MAP, Mount Sinai Acute GVHD International Consortium (MAGIC) algorithm 
probability; NRM, nonrelapse mortality.

Figure 2.  MAP after 1 week of treatment predicts 
risk of NRM in steroid-resistant patients. Cumulative 
incidence of NRM for patients whose MAPs were 
either above (–) or below (–) the post-treatment 
threshold MAP = 0.290. The difference in NRM 
was statistically significant (p < 0.001). Originally 
published in Blood.40

MAP, Mount Sinai Acute GVHD International Consortium 
(MAGIC) algorithm probability; NRM, nonrelapse mortality.
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biomarker throughout the course of HCT and 
early GVHD, we hypothesized that it may also 
function as a monitoring biomarker. To assess its 
monitoring potential, we measured the MAP 
after 1, 2, and 4 weeks of systemic treatment for 
GVHD, and found it predicted 6 month NRM at 
each time point tested.40 The addition of the clin­
ical response to biomarker concentrations in a 
single algorithm did not improve the predictive 
accuracy of the MAP alone. Therefore, MAPs 
either alone or in combination with clinical data 
appear to be useful monitoring biomarkers the 
treatment of acute GVHD.

Response biomarkers are a subset of monitoring 
biomarkers that can be used ‘to show that a bio­
logical response has occurred in an individual who 
has been exposed to a medical product or an envi­
ronmental agent.’32 To evaluate whether the MAP 
could determine response to treatment for acute 
GVHD, we measured the change in MAPs 
between the start of treatment and 28 days later 
and compared that change in patients who experi­
enced 6 month NRM to those who did not. Across 
all Ann Arbor groups, an increase in MAP corre­
lated with nonrelapse death, whereas reductions 
were associated with survival (Figure 3). In patients 
with low MAPs at the start of treatment (Ann 

Arbor 1, MAP < 0.141), the rate of 6 month NRM 
was low, but most of those who died had substan­
tial increases in MAP over the 1st month of treat­
ment, and the increase in MAP for patients who 
died was significantly larger than in those who 
lived (p = 0.040). A substantially larger proportion 
of patients with intermediate MAPs at the start of 
treatment (Ann Arbor 2, 0.141 ⩽ MAP ⩽ 0.290) 
experienced 6 month NRM (~20%). But only 5% 
of those whose MAP decreased died compared 
with 39% of those whose MAP increased. In 
patients whose MAPs were initially very high (Ann 
Arbor 3, MAP > 0.290), those whose MAPs 
decreased had a markedly lower rate of 6 month 
NRM than those with no decrease (50% versus 
20%). Thus, the MAP can also be considered a 
response biomarker for treatment of acute GVHD.

The pattern of change in MAP over the 1st month 
of treatment led us to hypothesize that a patient 
whose MAP rose above a threshold defined after 
4 weeks of treatment would fare worse. Previous 
work had validated a single post-treatment thresh­
old (MAP = 0.290) that separated patients into 
two groups with distinctly different risks of 
NRM.40 Indeed, Ann Arbor 1 and 2 patients 
whose MAPs rose above this threshold experi­
enced a dramatic increase in 6 month NRM. In 
addition, Ann Arbor 3 patients who dropped 
below the threshold had better survival that was 
nearly identical to those who had remained Ann 
Arbor 2 throughout the first month of therapy. 
These findings suggest a novel endpoint for a 
clinical trial might be to achieve a MAP <0.290.40 
According to the BEST definition, a reasonably 
likely surrogate endpoint is one that is ‘supported 
by strong mechanistic and/or epidemiologic 
rationale such that an effect on the surrogate end­
point is expected to be correlated with an end­
point intended to assess clinical benefit in clinical 
trials.’ The MAP may qualify as such an end­
point, but prospective trials with confirmation of 
survival benefit would be needed to fully validate 
the usefulness of such an endpoint.

Many clinicians now use the MAP after treatment 
of acute GVHD because its PPV is significantly 
higher than that of clinical response to treatment 
(51% versus 35%).31 The MAP has greater speci­
ficity than a clinical response, and it is most likely 
to be useful in patients who have not responded 
to treatment with systemic glucocorticoids. For 
example, a patient who is treated with systemic 

Figure 3.  Change in MAP after 4 weeks measures 
response to treatment. The change in MAP after 
28 days of systemic treatment with glucocorticoids 
is shown as reverse waterfall plots (left) and box-
and-whisker plots (right). Patients who experienced 
6 month NRM are shown as – and those who did not 
are shown as –. The difference in change in MAP 
was statistically significant (p = 0.0004). Originally 
published in Blood Advances.31

MAP, Mount Sinai Acute GVHD International Consortium 
(MAGIC) algorithm probability; NRM, nonrelapse mortality.
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glucocorticoids for grade II GVHD and whose 
GVHD remains grade II after 1 week of therapy 
would be considered steroid refractory; physi­
cians would normally consider the addition of 
further immunosuppression for such a patient, 
such as anti-thymocyte globulin, despite the 
increased risk of infectious complications. But if 
this patient’s MAP is 0.187, well below the high-
risk threshold of 0.290, that patient is likely to be 
a slow responder rather than a nonresponder, and 
a reasonable course would be to continue gluco­
corticoids without additional immunosuppres­
sion and use the MAP as a monitoring biomarker. 
If, however, after 1 week of treatment the patient’s 
MAP is 0.346 (above the high-risk threshold of 
0.290), that patient has a 60% risk of NRM at 
6 months and a very low likelihood of responding 
to glucocorticoid therapy,40 so the addition of fur­
ther immunosuppression would be well justified, 
despite the increased infectious risks. It should be 
emphasized that the potential toxicity of any spe­
cific intervention must be considered when evalu­
ating the relative risks for any individual patient.

Conclusion
The definitions developed by the FDA-NIH 
Biomarker Working Group have helped clarify the 
role of biomarkers in clinical practice. Using this 
framework, MAPs provide useful guidance for 
GVHD treatment in several scenarios, including 
determination of the risk of HCT patients who 
have not yet developed GVHD, assessment of the 
prognosis of GVHD patients, monitoring of the 
clinical status of GVHD patients after treatment, 
and evaluation of the response of patients to 
GVHD therapy. The MAP has consistently proven 
more accurate than clinical metrics such as the 
severity of GVHD symptoms at onset change in 
GVHD symptoms after treatment. In the future, 
MAPs may also serve as diagnostic biomarkers, as 
predictive biomarkers for individual therapies, and 
as novel clinical trial endpoints as a reasonably 
likely surrogate endpoints in clinical trials.
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