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The utility of biomarkers in acute GVHD prognostication
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The clinical severity of acute graft-versus-host disease (GVHD) at its onset is a modest predictor of
long-term patient outcomes. Robin et al recently published a single-center study from Hopital Saint-
Louis (HSL) evaluating the utility of blood biomarkers in acute GVHD prognostication.” The authors
also developed an HSL clinical model to predict outcomes that included 3 clinical variables: liver
involvement, age >50 years, and grade 3 or 4 acute GVHD. They then evaluated the value of bio-
markers when added to the HSL clinical model using several different techniques, including AC-index
and decision curve analyses (DCAs). The authors concluded that the benefit of the addition of bio-
markers to the HSL clinical model was marginal in predicting GVHD outcomes.

We performed analyses, identical to those reported by Robin et al, among 710 patients who received
hematopoietic cell transplantation (HCT) between January 2015 and December 2021, with data and
samples from the Mount Sinai Acute GVHD International Consortium (MAGIC) database and bio-
repository (supplemental Table 1; 44 of 710 patients [6%] were included in the original publication).?
The same eligibility criteria (aged 18-75 years, grade 1-4 acute GVHD systemically treated with at least
1 mg/kg of steroids daily) were used for both analyses (supplemental Table 2). We collected clinical
data, measured the serum concentrations of suppression of tumorigenicity 2 (ST2) and regenerating
islet-derived 3-alpha (REG30) (referred to as panel 2 by Robin et al') at systemic treatment initiation,
and computed the respective MAGIC algorithm probability (MAP) scores, as previously described.”*
We followed the same statistical methodology used in the study by Robin et al to compute the C-
index, AC-index with 1000 bootstrap resamples to derive confidence intervals, and DCAs."
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Patients who were classified to be at high risk based on the HSL clinical model (liver involvement or age
>50 years old, with grade 3-4 acute GVHD [126 of 710 (18%)]) experienced a threefold increase in
nonrelapse mortality (NRM) compared with patients at low risk (45% vs 14%; P < .001; Figure 1A);
these results were in agreement with those reported by Robin et al (Figure 1A as previously
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Figure 1. Non-relapse mortality and decision curve analysis of patients stratified by clinical models alone or in combination with biomarkers. Six-month NRM for

(A) MAGIC patients classified to be HSL-high risk (patients with liver involvement or patients >50 years old who also had grade 3-4 acute GVHD) vs HSL-low risk (all other

combinations); (B) patients in the HSL-high-risk subgroup classified based on high vs low MAP; (C) patients in the HSL-low-risk subgroup classified based on high vs low MAP;
(D) patients classified based on the combination of the HSL model and the MAP (blue, HSL-low-risk and low MAP; purple, HSL-low-risk and high MAP or HSL-high-risk and low
MAP; and red, HSL-high-risk and high MAP); (E) patients classified based on the combination of the Minnesota (Minn) risk system and the MAP (blue, Minn standard-risk and low
MAP; purple, Minn standard-risk and high MAP or Minn high-risk and low MAP; and red, Minn high-risk and high MAP). (F) DCA for the HSL clinical model (orange) and the
combined HSL clinical and MAP (as a continuous variable) model (green) for 6-month NRM.

described'). However, the C-index for day 180 NRM of the HSL
clinical model was only 0.63 in MAGIC patients, considerably lower
than the 0.81 observed in HSL patients (Table 1). The C-index for
day 180 NRM of the HSL model was similar to that of the previ-
ously validated Minnesota® risk system (0.63 vs 0.62; AC-index,
0.01 [-0.03 to 0.05]; supplemental Table 3).

The proportion of patients with a high MAP and the large differ-
ences in day 180 NRM between patients with high MAPs vs low
MAPs were similar in both studies (see Figure 1C in the report by
Robin et al'). When we further stratified MAGIC patients, based on
the HSL criteria, into low-risk and high-risk groups using the MAP
threshold of 0.20, the MAP further classified both subgroups into
populations with significantly different NRM in both high-risk (65%
vs 31%; P =.002) and low-risk (30% vs 7%; P < .001) categories
(Figure 1B,C). The combination of the HSL model and the binary
MAP score classifies patients into 3 groups of low, intermediate,
and high risk with statistically different NRM and responses to
primary treatment. Patients categorized as HSL-low risk with a low
MAP have only 7% NRM and a high response to steroids (85%);
patients categorized as HSL-low risk with a high MAP or patients
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categorized as HSL-high risk with a low MAP have intermediate
NRM (31%) and treatment response (72%); and patients cate-
gorized as HSL high risk with a high MAP experience 55% NRM
and only 57% response to treatment (Figure 1D; supplemental
Figure 1). We observed a virtually identical pattern producing 3
discrete groups of NRM and treatment response when combining
the MAP score with the Minnesota risk system (Figure 1E;
supplemental Figures 1 and 2).

In a multivariate regression that incorporated only the HSL clinical
model (low- vs high-risk) and the binary MAP (low vs high), a high-
risk MAP remained highly significant as a predictor of both NRM
(hazard ratio, 4.01 [2.77-5.81]; P<.001) and overall survival (OS)
(hazard ratio, 3.42 [2.48-4.71]; P < .001) in MAGIC patients
(supplemental Figure 3).

We further evaluated the MAGIC patients for any additional value
of biomarkers using the HSL clinical criteria. The C-index of the
MAP alone (considered as a binary variable to distinguish between
patients at high and low risk) was consistent between MAGIC and
HSL patients (0.69 vs 0.68). When the HSL clinical criteria and
MAP were combined in MAGIC patients, the C-index of the
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Table 1. C-indices of models for the prediction of day 180 NRM and OS

MAP as a binary variable

C-index Model Day 180 NRM Day 180 OS
MAGIC Hopital Saint-Louis MAGIC Hopital Saint-Louis
Clinical 0.63 (0.58-0.69) 0.81 (0.73-0.86) 0.63 (0.58-0.67) 0.75 (0.68-0.81)
MAP 0.69 (0.64-0.74) 0.68 (0.59-0.75) 0.67 (0.63-0.72) 0.67 (0.6-0.74)
Clinical + MAP 0.74 (0.69-0.79) 0.84 (0.73-0.89) 0.71 (0.66-0.76) 0.79 (0.70-0.85)
AC-index Clinical + MAP* 0.11 (0.05-0.15) 0.03 (—0.002 to 0.07) 0.09 (0.04-0.13) 0.04 (0.006-0.09)
MAP as a continuous variable
C-index Model Day 180 NRM Day 180 OS
MAGIC Hopital Saint-Louis MAGIC Hopital Saint-Louis
Clinical 0.63 (0.58-0.69) 0.81 (0.73-0.86) 0.63 (0.58-0.67) 0.75 (0.68-0.81)
MAP 0.74 (0.69-0.80) 0.72 0.72 (0.66-0.77) 0.70
Clinical + MAP 0.76 (0.71-0.82) 0.86t 0.74 (0.68-0.79) 0.82t
AC-index Clinical + MAP* 0.13 (0.08-0.18) 0.05t 0.11 (0.06-0.15) 0.07t

OS, overall survival.
*Compared with the clinical model.
tConfidence intervals not reported.

combined model (0.74) was superior to the clinical model alone
with a AC-index of 0.11. In HSL patients, the AC-index for the
combined model was only 0.03 because the HSL clinical criteria
alone possessed an unusually high C-index. Use of the MAP as a
continuous rather than a binary variable produced a greater AC-
index (0.13) for the combined model (Table 1). We observed an
identical pattern when day 180 OS was used as the model end
point, with a AC-index improvement of 0.09 in MAGIC patients
compared with a 0.04 improvement in HSL patients.

Recently, in an exploratory study comparing several different
biomarker combinations, Etra et al published an algorithm that also
combines ST2 and REG3a® and is distinct from the original algo-
rithm of Hartwell et al.? The algorithm reported by Etra at al pro-
duced a strikingly similar C-index for day 180 NRM compared with
the Hartwell algorithm both as a standalone predictor (0.74 vs
0.75) and when combined with the HSL clinical criteria (0.76 for
both models; supplemental Table 3). We again observed a large
AC-index for the combined model with Minnesota risk categories
using both the Hartwell and Etra algorithms (supplemental Table 3).

Robin et al applied DCAs to the HSL data set to determine
whether the addition of biomarkers can aid in clinical management
by enhancing the prediction of long-term outcomes.® We applied
DCAs to the MAGIC data set in the same fashion, comparing the
HSL clinical model with the model that combined HSL clinical
criteria and the MAP as a continuous variable. The combined
model (green) increased the net benefit (ie, correct identification of
the patients who will experience nonrelapse death by day 180) over
a much wider range of thresholds for the changing immunosup-
pression (Figure 1F; N.B. states that these thresholds are clinical
preferences that are completely unrelated to biomarker thresholds).
Indeed, the MAP adds the most net benefit to clinical criteria when
the concerns for toxicity from GVHD and treatment are closely
balanced. This benefit was also evident when the combined model
used a binary MAP classification (supplemental Figure 4). This
result is consistent with the large AC-index of 0.13 between the 2
models (Table 1) and with the creation of 3 rather than 2 distinct
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risk groups (Figure 1A,D). Similar results were observed when we
compared the Minnesota risk system with the combination of the
Minnesota system with the MAP (supplemental Figure 5).

In summary, we have confirmed the observation of Robin et al that
the MAP accurately predicts day 180 outcomes of acute GVHD in
a large, international, multicenter data set that contained similar
proportions of patients categorized as high-risk based on both the
clinical criteria and MAP. This independent external validation did
not confirm, however, the ability of the HSL clinical criteria that
included 3 clinical variables (liver involvement, age >50 years old,
and grade 3-4 acute GVHD) to predict long-term outcomes as
accurately as that reported by Robin et al. Rather, the HSL criteria
were comparable with the widely adopted Minnesota risk system, in
terms of its predictive ability.* In our large multicenter cohort, the
benefit of adding biomarkers to the HSL clinical model was sub-
stantial, validating previous analyses of the utility of the MAP in
predicting acute GVHD outcomes.?® The combination of HSL and
biomarkers produced 3 distinct risk groups with different NRM and
responses to GVHD treatment. Clinicians could potentially use this
classification to guide primary treatment: for example, patients at
low risk could receive low-dose steroids, patients at intermediate
risk could receive high-dose steroids, and patients at high risk
could receive a second agent in addition to high-dose steroids. We
caution, however, that this approach has not been formally tested
in the setting of a clinical trial. But the 3 risk categories are
consistent with the results of the DCA, in which the net benefit of
the combined model was evident over a wide range of threshold
probabilities (eg, as the threshold probability increases, concern for
infections from unnecessary immunosuppression for a given
patient outweighs concern for incomplete resolution of GVHD).

Several factors may explain the differences between these studies.
Firstly, the HSL data set represents the experience of a single
institution as opposed to the 21 HCT centers in the MAGIC data
set. Secondly, the MAGIC data set is significantly larger than the
HSL data set (710 vs 204). Thirdly, the HSL data set is older
(2013-2016) and, thus, does not include recent trends in
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approaches to GVHD such as prophylaxis using posttransplant
cyclophosphamide. We conclude that the MAP does indeed pro-
vide significant and useful information regarding acute GVHD
outcomes and can, therefore, help guide treatment decisions for
patients that develop acute GVHD.
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