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Abstract

Context.——Graft-versus-host disease of the gastrointestinal tract is a common complication of
hematopoietic stem cell transplant associated with significant morbidity and mortality. Accurate
diagnosis can be difficult and is a truly clinicopathologic endeavor.

Objectives.——To assess the diagnostic sensitivity of gastrointestinal graft-versus-host disease
using the 2015 National Institutes of Health (NIH) histology consensus guidelines and to analyze
histologic findings that support the guidelines.

Design.——Patients with allogeneic hematopoietic stem cell transplants were identified via a
retrospective search of our electronic medical records from January 1, 2005, to January 1, 2011.
Endoscopies with available histology were reviewed by 2 pathologists using the 2015 NIH
guidelines. The clinical diagnosis was used as the gold standard. A nontransplant set of endoscopic
biopsies was used as a control.

Results.——Of the 250 total endoscopies, 217 (87%) had a clinical diagnosis of gastrointestinal
graft-versus-host disease. Use of the NIH consensus guidelines showed a sensitivity of 86% and a
specificity of 65%. Thirty-seven of 58 (64%) cases with an initial false-negative histopathologic
diagnosis were diagnosed as graft-versus-host disease on our review.

Conclusions.——Use of the NIH histology consensus guidelines results in a high sensitivity
and specificity, thereby decreasing false-negatives. Additionally, use of the NIH guidelines aids in
creating uniformity and diagnostic clarity. Correlation with clinical and laboratory findings is
critical in evaluating the differential diagnosis and to avoid false-positives. As expected, increased
apoptosis with decreased inflammation was associated with a pathologic diagnosis of graft-versus-
host disease and supports the NIH guidelines.
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Graft-versus-host disease (GVHD) of the gastrointestinal (GI) tract is a common
complication of hematopoietic stem cell transplant (HSCT) and is associated with significant
morbidity and mortality.1-6 Graft-versus-host disease develops when donor lymphocytes
recognize recipient proteins as foreign and induce epithelial apoptosis, inflammation, and
tissue injury.”~2 Most commonly, GVHD affects the skin, Gl tract, liver, and lungs.15.6:10-12

Clinically, GI GVHD presents with nonspecific GI symptoms including nausea, vomiting,
oropharyngeal mucositis, dysphagia, diarrhea, and Gl bleeding.>10-12.13 Common clinical
and histologic mimickers of GI GVHD include side effects of chemotherapeutic and
immunosuppressive agents, most notably mycophenolate mofetil (MMF), and infections,
such as cytomegalovirus (CMV), adenovirus, and Clostridium difficilel3-23 A definitive
diagnosis of GI GVHD can be challenging, given overlapping clinical presentations. An
accurate diagnosis requires correlation with the patient’s history, clinical impression,
endoscopic findings, laboratory studies, and histology.

In 2015, the US National Institutes of Health (NIH) published updated consensus guidelines
to aid in the histologic diagnosis of GI GVHD and recommended using 3 diagnostic
categories: (1) not, (2) possible, and (3) /ikely GVHD. The NIH consortium has previously
suggested a threshold for minimal histologic features of GI GVHD to be =1 intraepithelial
apoptosis (on average) per biopsy piece or crypts/glands with multiple apoptoses.1415

The primary aim of this study was to assess the diagnostic accuracy of histology for Gl
GVHD within a large cohort of patients with HSCTs when using the 2015 NIH consensus
guidelines. The secondary aim of this study was to analyze various histologic findings that
could support the NIH consensus guidelines.

MATERIALS AND METHODS

A retrospective search of electronic medical records at Duke University Hospital in Durham,
North Carolina, identified adult patients who had undergone HSCT for the treatment of
malignant blood or bone marrow disease between January 1, 2005, and January 1, 2011. Of
those patients, the ones who had undergone allogeneic HSCT and subsequent Gl endoscopy
for evaluation of Gl-related symptoms were selected.

The clinical diagnosis at the time of endoscopy was used as the gold standard for the
purpose of this study. The clinical diagnosis of each endoscopic event was determined by a
thorough chart review performed by a clinical reviewer who assessed the impression of the
treating transplant physician, whether empiric steroid treatment was initiated, the presence
of a treatment response, and excluded other potential etiologies (eg, infection, medication-
related injury, among others). The patient’s race was captured from the medical record as
documented by the patient’s provider and was assessed to evaluate the diversity within the
study population. Original pathology reports were reviewed by a pathologist, and the final
diagnosis rendered by the pathologist of record was stratified into 1 of the 3 NIH categories
described below, without reference to the recorded microscopic findings.

All available Gl biopsies, excluding biopsies of the esophagus, were jointly reviewed by 2
pathologists who were blinded to the clinical, endoscopic, and laboratory findings and the
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original pathology diagnosis. In keeping with the NIH guidelines, a minimum of 8 serial
sections were analyzed for each case. Immunohistochemistry (IHC) slides available at the
time of the original diagnosis were reviewed (eg, CMV, adenovirus). Additionally, CMV
IHC was retrospectively performed on all 24 biopsies in which the test was not performed or
available. A consensus diagnosis was made for each biopsy site, independent of other
concurrently biopsied sites, using the 2015 NIH diagnostic categories not GVVHD, possible
GVHD, and likely GVHD (Table 1). Not GHVD was used when there was no histologic
evidence of GVHD, or another reason for the histologic findings was present. Possible
GVHD was used when there was histologic evidence of GVHD, such as marked apoptosis,
but there were also features of another potential etiology (eg, CMV inclusions), given that
coexistent disease cannot be entirely excluded. Likely GVHD was used when there was
histologic evidence of GVHD, ranging from minimal to marked epithelial injury, without
another known or potential etiology (Figure 1, A and B). The /ikely GVHD category
represents a fusion of 2 categories included in a previous version of the NIH guidelines
published in 2006: consistent with GVHD and unequivocal GVHD. An overall diagnosis
was subsequently assigned for each endoscopic event based on the highest histologic
categorization of the biopsy set (likely > possible > not). If a diagnosis of /ikely GVHD was
rendered at any biopsy site, a Lerner grade was also assessed (grade 0, normal mucosa;
grade 1, epithelial apoptosis; grade 2, crypt/gland destruction; grade 3, focal erosion/ulcer;
or grade 4, diffuse ulceration).2 Following initial statistical analysis, all the false-positive
(FP) cases were studied, and if pertinent clinical information available at the time of
diagnosis or findings from a concurrent biopsy sample indicated a probable alternative, the
case was recategorized to possible GVVHD, and statistical analyses were repeated.

Various histologic features were jointly evaluated and assessed by both pathologists. Using a
qualitative scale of 0 to 4 (none, minimal, mild, moderate, and severe), the degree of
apoptosis, crypt/gland destruction, crypt/gland dropout, lamina propria inflammation, and
cryptitis was documented. For apoptosis assessment, less than 1 apoptosis per biopsy piece
was scored as rone (0), an average of 1 apoptosis per biopsy piece was scored as minimal
(1), 2 or more apoptoses per biopsy piece (but distributed in separate glands) was diagnosed
as mild (2), several apoptoses in a single crypt/gland was considered moderate (3), and
confluent apoptosis was categorized as severe (4). The presence or absence of ulceration,
basal lymphoplasmacytosis, crypt/gland distortion, foveolar cell metaplasia, pyloric cell
metaplasia, granulomata, fibrosis, vasculitis, and CMV IHC positivity was recorded. The
number of biopsy fragments was also noted.

A control group, composed of adult patients without transplants, was acquired via a
retrospective search of the electronic medical records for 25 duodenal, 25 stomach, 25 right
colon, and 25 left colon biopsies with a diagnosis of no pathologic diagnosis or no
pathologic alteration. Those slides were reviewed for the same histologic features and with
the same degree of scrutiny as the study slides. Clinical indication for the endoscopy was
also recorded.
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Statistical Methods

For statistical analysis, an overall histologic categorization of not GVVHD was considered
negative for pathologic GI GVHD and an overall histologic categorization of /ikely GVHD
was considered positive for pathologic GI GVHD. Cases called possible GVHD were
excluded from the initial statistical analysis. Measures of diagnostic accuracy assumed the
gold standard to be the clinical diagnosis. Accuracy measures included sensitivity, defined
as the proportion of all cases found to be positive clinically that had histologically positive
results; specificity, defined as the proportion of all cases found to be negative clinically that
had histologically negative results; positive predictive value, defined as the proportion
histologically and clinically positive results from all cases found to be histologically
positive; and negative predictive value, defined as the proportion histologically and clinically
negative results from all cases found to be histologically negative. Fisher exact test was used
to assess the significance of low-level apoptosis when comparing the patient cohort of
interest to the control group.

The histologic features with sufficient spread to potentially discriminate between the
presence or absence of GVHD or those with an overall incidence of more than 15% were
analyzed. These ultimately were limited to apoptosis, inflammation, and crypt/gland
destruction (each scored from 0 to 4) and the number of fragments (continuous). Exact
binomial methods were used to calculate the 95% Cls.

RESULTS

During the 6-year study period, 397 adult patients underwent allogeneic HSCT. In-house
histology from endoscopy was available for 169 (43%) of the 397 patients. The average time
between HSCT and first endoscopy was 1.9 months. Of the 397 patients, 222 (56%) were
male, 333 (84%) were white, and the median age was 49 years, with a range from 19 to 73
years. The most common indication for HSCT was acute myelogenous leukemia. The
transplant sources were peripheral blood progenitor cells (330 of 397; 83%), cord blood (64
of 397; 16%), and bone marrow (3 of 397; 1%). The 169 patients included in our study
underwent 250 upper and/or lower Gl endoscopic events, resulting in 435 biopsy specimens.
The most common symptoms cited as the indication for endoscopy included watery diarrhea
(192 of 250; 77%), nausea (185 of 250; 74%), and anorexia (140 of 250; 56%). At the time
of endoscopy, medication for GVHD prophylaxis was administered for 125 of the 250 events
(50%), of which, 102 of the 125 endoscopies (82%) were for patients taking MMF
specifically.

Of the 250 endoscopic events, GI GVHD was diagnosed clinically in 217 cases (87%). Of
those 217 clinical GVHD cases, 148 (68%) had documented evidence of a potential
coexistent disease complicating the entity or entities upon chart review. Culture, serologic,
and/or molecular evidence of a coexisting infection or multiple infections was seen in 118 of
those 148 cases (80%), including CMV (n = 82; 69%), polyomavirus (n = 17; 14%),
parainfluenza virus (n = 12; 10%), herpes simplex virus (n = 7; 6%), human herpesvirus 6 (n
= 3; 3%), varicella zoster virus (n = 2; 2%), adenovirus (n = 2; 2%), respiratory syncytial
virus (n = 1; 1%), fungal infection (n = 4; 3%), parasitic infection (n = 2; 2%), and bacterial
infection (n = 65; 55%); of which, 3 (5%) were C difficile. The above-mentioned 82 patients
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coinfected with CMV included those with CMV viremia without definitive evidence of
CMV gut involvement as well as those with CMV disease of the gut. Additionally, 40 of the
169 patients (24%) in our study had other Gl-related (n = 32) and non-Gl-related (n = 15)
medical conditions, including some patients with multiple medical comorbidities. The GI-
related complications included peptic disease, celiac sprue, pancreatitis, cholecystitis,
diverticulitis, esophagitis, irritable bowel syndrome, ischemic colitis, and dietary
intolerances. Non-Gl-related conditions included opioid withdrawal, diabetes mellitus,
Guillain-Barré syndrome, mucositis, and thrombocytopenia.

Of the 250 endoscopic events, the 33 patients (13%) clinically diagnosed as not having
GVHD were given diagnoses including 1 or more of the following: infectious etiologies (n =
15; 45%), medication related toxicity (n = 3; 9%), disease relapse (n = 1; 3%), other medical
reasons (n = 13; 39%), and/or undetermined cause (n = 5; 15%).

Overall, the pathology diagnosis was /ikely GVHD for 117 of 250 endoscopic events (47%)
on the original pathology report and for 188 of 250 endoscopic events (75%) on the
pathology review for the study. Of the 217 Gl GVHD cases found to be positive clinically,
116 (53%) and 173 (80%) were called /ikely GVHD on the original and study review
pathology reports, respectively. In 58 of 250 endoscopic events (23%) initially diagnosed as
not GVHD on the original pathology report, the patient was clinically diagnosed as having
Gl GVHD. Of those 58 endoscopic events, 37 originally false-negative (FN; 64%) cases
were diagnosed as /ikely GVHD on the study review using the NIH consensus guidelines. In
a subset of those cases there was a delay in treatment and repeat endoscopy was necessary;
however, most patients did receive appropriate treatment given other key clinical and
endoscopic findings. In the original pathology diagnoses, 49 of 250 (20%) were categorized
as possible GVHD, in contrast to 18 (7%) following the study evaluation. Of the 49 cases
originally called possible GVHD, 7 (14%) patients had clinically negative results for
GVHD, whereas 42 (86%) were clinically positive for GVHD. In the 18 cases called
possible GVHD during our study review, 3 (17%) were clinically negative for GVHD and 15
(83%) were clinically positive for GVHD.

In the study pathology review, of the 250 endoscopic events there were 15 FP cases (6%)
and 29 FN cases (12%), when using histology alone and assessing biopsy sites
independently. That led to a sensitivity of 86%, a specificity of 50%, a positive predictive
value of 92%, and negative predictive value of 34%. The 15 FP cases were clinically
diagnosed as one or more of the following: CMV infection (n = 5; 33%), gastroesophageal
reflux (n = 3; 20%), MMF toxicity (n = 2; 13%), dietary intolerance (n = 2; 13%),
pancreatitis/pancreatic cysts (n = 2; 13%), herpes simplex virus (HSV) esophagitis (n = 2;
13%), gastritis/gastroparesis (n = 2; 13%), C difficile colitis (n = 1; 7%), esophageal mass (n
=1; 7%), anxiety (n = 1; 7%), candidiasis (n = 1; 7%), and/or unknown (n = 1; 7%; Table 2).
Of note, all 24 retrospectively performed CMV IHC results were negative. Understanding
that certain key clinical findings are essential for accurate diagnosis at the time of histologic
review, conservatively, 7 of the 15 FP cases (47%) were recategorized to possible GVHD,
primarily because of results that were available at the time of initial diagnosis (eg, positive
CMV polymerase chain reaction [PCR], positive C difficile toxin enzyme immunoassay,
and/or positive CMV or HSV IHC results in a different biopsy site). Following that
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recategorization, the sensitivity remained at 86%, the specificity increased to 65%, the
positive predictive value increased to 96%, the negative predictive value remained at 34%,
and the number of FP cases decreased to 8 of 250 (3%).

Of the 250 endoscopic events, 82 (33%) had evidence of CMV disease (eg, positive CMV
PCR and/or positive CMV IHC results). Of the 82, 10 cases (12%) were clinically positive
for CMV disease of the gut and clinically negative for GI GVHD, of which 8 of 10 (80%)
had a positive serum result from CMV PCR at the time of endoscopy and 3 of 10 (30%) had
a positive CMV IHC result on at least 1 biopsy site. Both cases with PCR-negative results
had a positive CMV PCR result the week prior and the week after endoscopy, and 1 patient
had a positive CMV IHC result on their stomach biopsy. For the 10 cases clinically
diagnosed as CMV gut disease and negative for GI GVHD, the pathology diagnoses were 4
not GVHD (40%), 1 possible GVHD (10%), and 5 /ikely GVHD (50%) before
recategorization.

Three of the 250 endoscopic events (1%) had a clinical diagnosis of MMF toxicity. The
pathology diagnosis in 2 cases was /ikely GVHD, and thus falsely positive.

There were 24 unique endoscopic events called not GVHD on pathology review with
apoptosis scores of 0 of 4 (less than the minimal threshold) on all biopsy sites. Of those 24
cases, 18 (75%) were called positive for GVHD clinically, and 6 (25%) were called negative
for GVHD clinically. Exploring the lower end of apoptosis further, there were 16 unique
endoscopic events that were called /ikely GVHD and had an apoptosis score of 1 of 4
(minimal threshold for apoptosis) in at least one site and had apoptosis scores of 0 or 1 of 4
in all the biopsies. Of those 16 cases, 14 (88%) were called positive for GVHD clinically,
and 2 (13%) were called negative for GVHD clinically.

Overall, there was a median of 4 biopsy fragments per biopsy site, with a range of 1-17. For
the 29 FN cases identified in the study biopsy review, there was a median of 4 biopsy
fragments per biopsy site, with a range of 1-14. For the 8 FP reread cases, there was a
median of 3 biopsy fragments per biopsy site with a range of 1-5.

After controlling for other variables in the model, there was a significant effect of apoptosis
(P<.001) and inflammation (£ < .001) on the histologic diagnosis of GVHD. Greater
apoptosis but lower inflammation was associated with a pathologic diagnosis of /ikely
GVHD. Specifically, the odds of a GVHD diagnosis were 12 times higher with each 1-unit
increase in apoptosis score (0—4; odds ratio [OR], 12.39). The median apoptosis score was 2.
In contrast, each unit of increase in the inflammation score corresponded to an 86% decrease
in the odds of a GVHD diagnosis (OR, 0.14). The remaining variables in the model did not
statistically relate to the histologic diagnosis of GVHD (Table 3).

Of the 100 patients without transplants who provided control biopsies, 69 (69%) showed no
evidence of significant apoptosis, 30 (30%) showed minimal apoptosis, and 1 (1%) showed
mild apoptosis (Table 4). None of the cases (0%) showed moderate or severe apoptosis.
Significant apoptosis was more commonly identified within the upper Gl tract (20 of 31,
65% of cases with positive results) compared with the lower GI tract (11 of 31; 35% of cases
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with positive results), indicating a possibility of increased specificity in the lower Gl tract (P
=.08).

DISCUSSION

The diagnosis of GI GVHD can be challenging both clinically and histopathologically.
Biopsy specimens represent small samples of dynamic and complex pathologic processes.
Patients undergoing histologic evaluation for GI GVHD have complicated clinical pictures
involving immunosuppressive therapy and increased susceptibility to opportunistic
infections. The subtlety of histologic changes and the frequent mimickers in this patient
population make diagnosing GI GVVHD difficult. The distinction between GVHD and other
diagnoses is vital for proper therapy. Failure to treat GI GVHD can result in Gl failure or
death; therefore, prompt treatment can significantly aid in proper control of the disease.
However, increasing immunosuppression of a patient without GI GVHD can result in
increased susceptibility to opportunistic infections and would not provide treatment for the
etiology of the patient’s symptoms (eg, infection, medication-related toxicity).2-3.25.26

Our study demonstrates that using the 2015 NIH consensus guidelines for GI GVHD allows
for high sensitivity (86%) and specificity (65%). Most impressively, when compared with
the initial pathology diagnoses, the number of FN diagnoses decreased. When using the NIH
guidelines, 37 of 58 cases (64%) with an original FN result were correctly classified as
likely GVHD. The high sensitivity and relatively low FN rate was likely due to the uniform
application of the guidelines and an overall decreased threshold for the diagnosis of Gl
GHVD. Prior publications reported a wide range of sensitivities (33%—-100%) for the
diagnosis of GVHD by GI biopsy, of which many claim the biopsy site to be a contributing
factor.27-30 There has been no consistent evidence supporting one biopsy site as definitively
superior, and in a study published by our group, we did not find a significant difference
between upper and lower GI endoscopies. In addition, the site of GI symptoms did not
always correlate with the site of histologic changes seen on biopsy.3!

Although our original, unaltered specificity was low (50%), that was in the context of our
intentionally blinded study methods. Specifically, the pathologists were blind to all clinical
information, and each biopsy site was evaluated independently and later given one overall
score for the endoscopy, based on the most severe diagnosis, thus favoring a diagnosis of
likely GVHD. There were 33 endoscopic events found to be negative clinically for GVHD.
Of those, 15 (45%) were called /ikely GVVHD on pathology review and were thus falsely
positive. When the 15 FP cases were reviewed for clinical information, and the findings
from the concurrent biopsies from other sites was unmasked, conservatively 7 of 15 cases
(47%) were recategorized to possible GVHD given the definitive clinical evidence of a
different or concurrent etiology. Thus, those 15 cases met minimal histologic criteria for
GVHD, but in a realistic context, 7 of them would have been called possible GVHD because
of coexisting etiologies. When recalculated, the specificity increased to 65%. As expected,
these findings emphasize the importance of correlating the histologic, clinical, and
laboratory findings when evaluating Gl biopsies for GVHD to avoid false-positives. In day-
to-day practice, interpretation of the histologic findings in the full clinical context of the
patient should negate that limitation.
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A second potential limitation of this study was the use of the clinical diagnosis as the gold
standard for the diagnosis of GI GVHD. The original pathologic diagnosis, right or wrong,
had a part in influencing the clinical impression; thus, there was a bias toward the original
histology results. However, the benefit of hindsight has an effect. The clinical reviewers of
our study used more of the clinical perspective, response to treatments, and outcome in
determining the clinical diagnoses. Furthermore, the strength of the NIH guidelines
employed in our review is illustrated by the fact that 64% (37 of 58) of cases assigned a
clinical diagnosis of GVHD despite an initial negative histologic diagnosis were correctly
assigned to the /ikely GVVHD category upon review.

The most common clinical diagnosis with a FP pathology result was CMV infection,
consisting of 5 of the 15 FP cases (33%). A CMV infection can cause histologic changes
that mimic Gl GVHD, namely epithelial apoptosis, and differentiation between the 2
diagnoses without the appropriate contextual information is difficult (Figure 2, A through
D).14.15.17.21,23.32 Bjgpsies were evaluated for CMV with hematoxylin-eosin stain (eg, viral
inclusions) and IHC, which was performed on all biopsy sites of all endoscopies. Clinical
evidence of CMV infection (eg, positive CMV PCR results on peripheral blood and/or
positive CMV IHC results on biopsy) was found in 82 of 250 cases (33%). Although all
patients with significant CMV viremia were treated with antiviral therapy, not all patients
with viremia were considered to have CMV disease of the gut. Additionally, patients with
chronic low-level CMV viremia were not always treated. Of the 250 cases, 10 (4%) were
found to be clinically positive for CMV disease of the gut and were felt to be clinically
negative for GI GVHD. Thus, 72 (29%) of the 250 endoscopic events demonstrated Gl
GVHD with concurrent CMV viremia without definitive CMV gut disease. For those
patients given antiviral therapy for CMV viremia and immunosuppressive therapy for Gl
GVHD simultaneously, it is unclear whether GI symptom resolution was attributable solely
to the immunosuppressive therapy (and thus, GI GVHD with CMV viremia but without
CMV gut disease) or was due to both therapies in combination (and thus, GI GVHD with
CMV gut disease). Interestingly, 2 of the 5 FP reread cases (40%) clinically diagnosed as
CMV infection were from patients on empiric steroid treatment for GVHD at the time of
endoscopy, raising the possibility of GI GVHD also contributing to the patients’ Gl
symptoms. However, none of those patients were treated with additional
immunosuppression, and their symptoms resolved after antiviral therapy. Clostridium
difficile and HSV infection are additional examples in which clinical history, endoscopic
findings, and laboratory results are invaluable to the diagnosis. Of the 15 FP reread
pathology diagnoses, 1 (7%) was clinically diagnosed as C difficile colitis (Figure 2, E), and
2 of 15 (13%) were attributed to HSV infection. All 7 FP cases (100%) of CMV, C difficile,
and HSV infection were recategorized as possible GVHD upon unblinding because the
additional clinical information in those cases would have been warranted in a real-world
setting.

Another clinical diagnosis with multiple FP results was MMF toxicity. Within our cohort of
102 endoscopic events in which the patient was administered MMF during the time of
endoscopy, 3 patients (3%) were clinically diagnosed with MMF toxicity, 2 of which were
called /ikely GVHD on pathology review and were thus falsely positive. Administration of
MMF can cause histologic changes that mimic GI GVHD, namely epithelial apoptosis
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(Figure 2, E and F).18.21.22.33 Of the 2 FP cases, 1 (50%) showed a concurrent C difficile
infection. That case was recategorized to possible GVVHD after review because in day-to-day
clinical practice it would be more appropriate to diagnose a patient with epithelial apoptosis
and a positive C difficile enzyme immunoassay with possible GVVHD than with likely
GVHD. The diagnosis of MMF toxicity can be difficult to make without knowledge of the
clinical history and medication profile. Ultimately, the diagnosis of MMF toxicity is
primarily a clinical one based on improvement of the patient’s symptoms after
discontinuation of MMF therapy. Studies have suggested that some histologic clues may
support a diagnosis of MMF over GVHD-induced injury, such as increased lamina propria
eosinophils; however, others have also demonstrated that eosinophils are activated in Gl
GVHD.3435 |nterestingly, for the 2 FP patients diagnosed clinically with MMF toxicity, the
one case with concurrent C difficile showed zero eosinophils per 10 high-power fields,
whereas the other case consisted of a stomach and duodenal biopsy with 106 and 197
eosinophils per 10 high-power fields, respectively.

Epithelial apoptosis correlates with GI GVHD severity and is the histologic hallmark of
GVHD.36 Consistent with prior studies, increased apoptosis with decreased inflammation
was associated with a pathologic diagnosis of GI GVHD in our cohort. The NIH consensus
guidelines present a low threshold for intraepithelial apoptosis (=1 intraepithelial apoptosis
[on average] per biopsy piece or crypts/glands with multiple apoptosis). Shulman et al14.15
discuss in the consensus article how controversial the threshold for minimal histologic
change is and they justify their decision as a balance between sensitivity and specificity.

Given the complexity of setting an absolute threshold, it is worth considering whether the
ideal threshold might, in fact, be lower or higher than 1 apoptotic body on average per
biopsy piece. In our study, three-quarters of our patients with less than the minimal threshold
of apoptotic bodies in any of their biopsies by current NIH guidelines, nonetheless, received
a clinical diagnosis of GI GVHD, suggesting that a lower threshold might be appropriate. A
limited study by Nguyen et al3” suggested that even a single apoptotic body per total biopsy
(all pieces in aggregate) might suffice for a diagnosis of GI GVHD in some circumstances.
Recently, the use of a low threshold was further supported in a study by Myerson, et al,38
which validated the use of a modified Lerner grading system for GVHD that essentially
subdivided the former grade 1 into 4 new grades and combined grades 2 to 4 in a new grade
5. Within their cohort, a diagnosis of their proposed grade 1 or grade 2 GVHD (=0.07 to
<0.25 apoptotic bodies and =0.25 to <4 apoptotic bodies per section, respectively) often still
led to treatment for GVHD.

Taken to the extreme, one could consider a system in which all biopsies without evidence of
a process other than Gl GVHD, regardless of the presence or absence of apoptotic bodies,
are interpreted as favoring GVHD. Such an approach would have a sensitivity of 100%
(excepting patients with both GVHD and some other superimposed process). The issue with
that system is, of course, its specificity and the potential for false-positives, resulting in
overtreatment of patients with unnecessary immunosuppressive therapy. There would also
likely be trepidation about making a diagnosis of this importance without objective support
from histopathology results.
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Balanced against those observations is the realization that a low level of apoptosis is present
in (and indeed, physiologically important for) a healthy Gl epithelium. When evaluating
colorectal biopsies in healthy, nontransplanted patients, Lee et al3° reported that 75% of the
time no apoptotic cells were present and approximately 0.2 apoptotic bodies per 20 crypts
was the overall mean. Similarly, in our nontransplant control cases, 69% of the cases lacked
significant epithelial apoptosis. Studies of Gl pathology in solid organ transplant recipients
treated with MMF have been shown to have considerable histologic overlap with the
changes seen in GI GVHD and have employed apoptosis thresholds ranging from 2 to 5
apoptotic bodies per 100 glands.#%-41 Translating those numbers into the typical biopsy piece
that contains approximately 20 glands or crypts equates to 0.4 to 1 apoptotic body per
biopsy piece, a range bordering the NIH guideline recommendation for GI GVHD.38

Perhaps in recognition of the low but significant baseline level of apoptosis, Lin et al*2 have
suggested the use of criteria for the histologic diagnosis of GI GVHD similar to those
employed for acute cellular allograft rejection of small-bowel transplants, with 6 or more
apoptotic bodies per 10 contiguous crypts required for a diagnosis of GVHD and biopsies
falling short of that criterion being designated /ndeterminate. Although that approach would
undoubtedly decrease the frequency of FP diagnoses, it would clearly lead to a decrease,
possibly to an unacceptable level, in diagnostic sensitivity. Even in the Lin et al*2 study
cohort, 13 of 41 patients (32%) who were clinically diagnosed and treated for G| GVHD had
fewer than 6 apoptosis per 10 contiguous crypts/glands. In our cohort, 48% (90 of 188) of
likely GVVHD cases showed minimal to mild apoptosis. Had those biopsies been considered
indeterminate for GI GVHD, the diagnostic sensitivity would have decreased dramatically.

Ultimate resolution of the threshold dilemma may require refinement of our analytic and
diagnostic methods. Within our control group, significant apoptosis was more commonly
identified within the upper Gl tract (65% [20 of 31] of cases with positive results) compared
with the lower Gl tract (35% [11 of 31] of cases with positive results), indicating a
possibility of increased specificity in the lower Gl tract (P=.08).

In summary, our study demonstrates that the use of the 2015 NIH guidelines increases
diagnostic sensitivity and can decrease false-negative results for the histologic diagnosis of
Gl GVHD and can create uniformity and diagnostic clarity for pathologists and our treating
colleagues. Other common diagnoses to consider in the HSCT population are infections (eg,
CMV and C difficile) and medication-related toxicity (eg, MMF). This study confirms that
in addition to the biopsy findings, access to relevant information, such as clinical
presentation, symptoms and their severity, medications, laboratory tests, and endoscopic
findings, is necessary to make an accurate diagnosis and to maintain a high diagnostic
sensitivity and specificity, especially when considering whether minimal apoptosis is truly
significant.
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Figure 1.
Photomicrographs of cases diagnosed on review as likely graft-versus-host disease A,

Stomach. B, Colon (hematoxylin-eosin, original magnifications x40 [A] and x20 [B]).
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Figure 2.
False-positive cases: clinical diagnosis of cytomegalovirus (CMV) and pathologic diagnosis

of likely graft-versus-host disease (GVHD) on a duodenum biopsy (A), with negative CMV
immunohistochemistry (B), and CMV gastritis and possible GVHD on a stomach biopsy
(C), with CMV immunohistochemistry (D). Clostridium difficile infection and
mycophenolate mofetil (MMF) toxicity from a rectosigmoid colon biopsy (E) and MMF
toxicity from a stomach biopsy (F) (hematoxylin-eosin, original magnification x20 [A, C, E,
and F]; CMV immunohistochemistry, original magnification x20 [B and D]).
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Table 1.

National Institutes of Health Consensus Guidelines—Diagnostic Categories for Gastrointestinal Graft-\Versus-
Host Disease (GVHD)

Category Definition

Not GVHD No histologic evidence of GVHD

Possible GVHD  Histologic evidence of GVHD, but other possible explanations also present

For example:
. Obvious CMV enteritis
. Focal colonic ulcers and marked epithelial apoptosis
. Suspected MMF toxicity

Likely GVHD Clear histologic evidence of GVHD without a competing etiology; histologic evidence of GVHD, but also other mitigating
factors or relevant clinical information is limited

For example:
. Abundant epithelial apoptosis without evidence of drug-induced injury or infectious etiology
. CMV inclusions are seen, but the degree of apoptotic injury is out of proportion to the degree of CMV
involvement
. Minimal epithelial apoptosis but there is no evidence of another potential etiology

Abbreviations: CMV, cytomegalovirus; MMF, mycophenolate mofetil.
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Table 4.

Control Biopsy Results

Organ Biopsied, n =25

Stomach
Duodenum
Right colon

Left colon

Total, n =100

No Apoptosis, No. (%) = Minimal Apoptosis, =1, No. (%)
14 (56) 11 (44)
16 (64) 9 (36)
19 (76) 6 (24)
20 (80) 5 (20)
69 (69) 31(31)
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