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Abstract

Malnutrition is a known complication of chronic GVHD (cGVHD), but has not been well
described in the context of organ-specific manifestations and the recent National Institutes of
Health (NIH) criteria. Here, 210 cGVHD patients were analyzed, in a cross-sectional study design,
for demographics, transplant-related history, clinical assessments, symptoms, function, quality-of-
life, laboratory values and survival in order to determine their associations with nutritional status.
Most patients had long-standing, moderate or severe cGVHD and had failed many lines of therapy.
Twenty-nine percent (60/210) of subjects were malnourished, using the subjective Patient-
Generated Subjective Global Assessment (PG-SGA) questionnaire and evaluation. No
demographic or transplant characteristics were associated with malnutrition; cGVHD of the lungs,
gastrointestinal (Gl) tract and mouth, NIH global score, cGVHD symptoms, worse functioning,
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low albumin, poorer survival and low BMI were associated with malnutrition. A predictive model
was developed from all variables of significance: cGVHD of the lungs, Gl tract, mouth and BMI
accurately predicted 84.2% of malnourished patients as well as 87.2% of well-nourished patients.
The PG-SGA questionnaire may be a useful tool in diagnosing nutritional deficits in cGVHD
patients undergoing one-time evaluations. Longitudinal prospective studies should assess the
utility of nutritional support interventions in cGVHD.

Introduction

Methods

Patients

Chronic GVHD (cGVHD) is a unique late effect of cancer therapy and a major complication
after allogeneic hematopoietic SCT (HSCT), resulting in immunodeficiency, impaired organ
function and decreased survival.1-2 It commonly affects the skin, mouth, eyes, muscle,
fascia, joints, gastrointestinal (Gl) tract, liver and lungs, often resembling autoimmune
disease, such as scleroderma, Sjdgren’s syndrome, primary biliary cirrhosis, bronchiolitis
obliterans or immune cytopenias.’

Eating problems and malnutrition are complications associated with cGVHD and contribute
to functional and health status impairments in transplant survivors.* However, the
comprehensive analysis of nutritional status and its relationship to cGVHD and other clinical
outcomes has not been done. Cancer-related cachexia is highly associated with reduced
survival,® and non-relapse mortality for underweight patients at HSCT seems greater than
for healthy-weight patients.® Patients with cGVHD often have low BMI or low lean BMI.47
The use of BMI as a measure of malnutrition, however, is problematic, owing to the wide
variation of body composition and pre-existing nutritional status among individuals.® The
Patient-Generated Subjective Global Assessment (PG-SGA), based on patient-reported
questionnaire, medical history and physical examination, is the only malnutrition-screening
tool recommended by the American Society of Parentral and Enteral Nutrition (ASPEN) in
cancer,® but has not yet been used in the context of cGVHD.

The current study describes malnutrition in a large cohort of adult cGVHD patients, most
with long-standing moderate to severe cGVHD and with multiple failed lines of prior
therapy. A comprehensive analysis was conducted to address how clinical and cGVHD-
related factors impact nutritional status. The study emphasizes the importance of nutritional
evaluation in cGVHD, showing that malnutrition is strongly associated with serious cGVHD
manifestations and functional and quality-of-life (QOL) impairments.

Patients in this study were enrolled in an ongoing cGVHD natural history study at the
National Institutes of Health (NIH) (clinicaltrials.gov #NCT00331968). They were referred
to the NIH for evaluation and enrolled to into the study if they had cGVHD according to the
NIH Consensus Group Criteria definition.3 Subjects underwent a 4-day, one-time visit
evaluation by a multi-disciplinary team of clinical experts in dermatology, ophthalmology,
dentistry, rehabilitation medicine, gynecology, pain and palliative care and HSCT
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management. Clinical assessments, patient-reported forms and laboratory data were
recorded using pre-defined data collection instruments. Survival data were obtained by
follow-up calls to the patients or their referring physician offices. All patients signed NCI
Institutional Review Board-approved informed consents.

Nutritional evaluation

BMI was calculated for all patients, based on their height and weight at the time of
evaluation.10 The PG-SGA score and global assessment category was recorded for every
subject by a certified nutritionist (Supplementary Figure 1). The PG-SGA provides a total
score based on information from the patients and the nutritionist evaluator, detailing weight
history, dietary intake, nutritional impact of symptoms, functioning, disease state, physical
evaluation, metabolic and physical demands, and is used to provide nutritional triage
recommendations. The nutritionist assigns a global assessment category of nutritional status
(well nourished, moderately or suspected malnourished or severely malnourished).? For this
study, nutritional global assessment was dichotomized to either well-nourished vs
malnourished groups (including moderately and severely malnourished groups).
Recommendations for nutritional intervention and treatment needs based on PG-SGA results
were either followed through the NIH nutrition department or provided to the patient and
referring physician.

Measures and study instruments

Demographic information, HSCT-related information and cGVHD-related data were
documented for all subjects. Clinician assessment of the organ systems affected by cGVHD
were scored using the NIH Organ Scoring of cGVHD form, including skin, eyes, mouth, Gl
tract, liver, lungs, joints and fascia and the female genital tract;® the NIH Clinical Activity
Assessments for Gl, lung and oral cGVHD were also analyzed.1! Patient-reported symptoms
were elicited using the cGVHD-specific Lee Symptoms Scale (0-100), which captures the
severity of bother by symptoms important in cGVHD, including eating/digestion and eyes/
mouth subscales of symptom intensity.12 An NIH cGVHD activity assessment patient-
reported form also gathered information on symptomatic mouth dryness and mouth pain,
each based on a 0-10 scale.1! Functional and QOL evaluations were performed using the
Human Activity Profile instrument,13 the Medical Outcomes SF-36 instrument4 and the
Functional Assessment of Cancer Therapy-Bone Marrow Transplant (FACT-BMT)
instrument,15 all validated for cGVHD in HSCT studies.16: 17. 18 Routine laboratory blood
analysis was done by the Department of Laboratory Medicine, Clinical Center, NIH.

Statistical analysis

The primary study objective was to identify factors that are associated with malnutrition in a
cross-sectional cGVHD subject group. Univariate analyses were performed to screen for
factors to evaluate in a multivariable model. Dichotomous parameters were compared
between patients with and without malnutrition using Fisher’s exact test. Categorical
parameters were compared using Mehta’s modification of Fisher’s exact test.19 Ordered
categorical parameters were compared using a Cochran-Armitage test for trend.20
Continuous parameters were compared between groups using an exact Wilcoxon rank-sum
test. Those factors that are associated with malnutrition status with a univariate ~value
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<0.05 were evaluated in univariate logistic regression models and included in a multivariable
logistic regression analysis model if A<0.01 in the univariate model. The final multivariable
model was determined using backward selection as well as other considerations such as
amount of missing data. All AP-values from univariate analyses are two-tailed and presented
without adjustment for multiple comparison. In the context of an exploratory analysis, and in
view of the large number of tests performed, only P-values <0.001 are considered potentially
statistically significant with respect to the individual univariate results.

A survival analysis of nutritional status was initially performed with Kaplan—Meier curves,
starting at the date the patients enrolled in the natural history protocol. The difference
between pairs of Kaplan—Meier curves was determined by a two-tailed log-rank test. Then, a
multivariable Cox proportional hazards model was developed, based on six other parameters
that have been previously identified as being of potential importance to survival in our
patient group (NIH lung score, lung function score, forced expiratory volume in the first
second, body surface area for skin erythema, absolute lymphocyte count and Karnofsky
score?122) using both stepwise and backward selection. The resulting models had nutritional
status added as a variable to test for its independent association with survival after adjusting
for the other previously identified factors found to be jointly significant with survival.

Demographic and transplant-related variables

Two-hundred and ten patients, ages 18—70 years (median 49 years), met criteria for
diagnosis of cGVHD and had a nutritional evaluation (Table 1).3 Initial screening was done
on 255 patients; 38 patients were excluded from this analysis because they did not receive a
nutrition evaluation (including 21 pediatric patients) and 7 were ineligible for study
participation, as their evaluation ruled out cGVHD. Demographic and transplant-related
variables were analyzed, and no statistically significant association with malnutrition within
this group of variables was found, except for number of lines of prior systemic therapy for
cGVHD (P=0.013).

Nutritional status in cGVHD

BMI, the PG-SGA and its component scores are shown in Table 2. When malnourishment
was defined by a nutrition global assessment of moderately or severely malnourished (stages
B plus C categories of the PG-SGA global assessment), then 71.4% of our cohort were well
nourished and 29.5% were malnourished (23.3% moderately and 5.2% severely) (Figure 1a).
This approaches the 27.2% incidence of malnourishment as defined by BMI<21; however, if
BMI is compared with nutrition global assessment (Figure 1b), it is apparent that these two
measures are non-synonymous. There is a mismatch between nutritional evaluation and BMI
that can be seen when analyzing well-nourished patients, where 14 of 141 (10%) had a BMI
< 21, or when analyzing malnourished patients, 42 of 59 (71%) of whom had a BMI < 21,
showing overlap among groups.
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Assessment of organ systems

Of the organ systems affected by cGVHD, lung, Gl tract and mouth cGVHD were found to
be significantly associated with malnutrition (P<0.0001, Table 3). The NIH average organ
score, which synthesizes clinical assessments, and the Health Care Provider Global Rating
(mild-moderate-severe) were also significant (£<0.0001). Skin, eyes, liver and female
genital tract NIH organ scores were not associated with malnutrition. The cGVHD Total Lee
Symptoms Scale was associated with malnutrition (£<0.0001, Table 3).

All aspects of Gl tract pathology, both for clinical assessment and for symptom reporting,
were associated with malnutrition (NIH Clinical Activity Assessment: Gl upper, £<0.0001,
Gl esophageal, £=0.0025, GI lower, £=0.0081, Lee Eating and Digestion Subtotal and
individual questions) (Table 4). Clinical assessment of lung function (Lung NIH Clinical
Activity Assessment: £<0.0001), as well as Lee shortness of breath with exercise
(P<0.0001) was found to be significantly associated. Mouth cGVHD clinical assessments
(NIH Oral Mucosal Score: Clinical Activity Assessment: £=0.03) and certain mouth pain
questions (Lee need to avoid food due to mouth pain: £=0.009, mouth pain=0.31) tended to
be significant, but none met the criteria of £A<0.001 (Table 4).

Functional and QOL evaluations

Functional and QOL evaluations were performed and associated with nutritional status.
Worsening Human Activity Profile score was malnutrition associated for both the Maximum
Activity Score (P=0.0001) and Adjusted Activity Score (£<0.0001).18 SF-36 score
components found to be significant at the £<0.005 level included physical functioning,
physical role, general health and physical component summary; at the £<0.05 level included
vitality, social functioning and mental health. Bodily pain, emotional role and mental
component summary were non-significant. For the FACT-BMT, total score (P=0.002),
functional well-being (£=0.0006) and physical well-being (£=0.02) were found to be
associated with malnutrition, whereas social/family well-being and emotional well-being
were not. Table 4 shows variables significantly associated with malnutrition.

Laboratory analysis

Of the 17 laboratory blood values that were studied (erythrocyte sedimentation rate, white
blood count, ANC, absolute lymphocyte count, eosinophils, Hb, C-reactive protein, aloumin,
ferritin, beta-2-microglobulin, total protein, 1gG, 1gA, C3 complement, C4 complement,
total complement and parathyroid hormone), only lower albumin was found to be
significantly associated with malnutrition (£=0.0036, Table 4).

Multivariable logistic model for the prediction of malnutrition in cGVHD

Out of over 80 parameters evaluated for their association with malnutrition, ~ 40 were found
to be associated with malnutrition (£<0.05), using the above-detailed screening procedures.
From these parameters, all but 10 were associated with malnutrition with £<0.01, using a
univariate logistic regression model. From these ~30 parameters, 7 were jointly associated
with malnutrition using a backward selection model. However, as two parameters had
numerous missing data points, the model was rebuilt using only the remaining five
parameters, which rendered one non-significant. The final model included four parameters:
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NIH lung score, NIH GI score, NIH mouth score and BMI (Table 5). This model was
converted to a classification rule and applied to the patient cohort, which resulted in the
following classification probabilities: of the 133 subjects who were found to be well
nourished by nutritional evaluation, 116 subjects (87.2%) would be correctly classified by
this rule; of the 57 subjects who were found to be malnourished, 48 (84.2%) would be
correctly classified.

Survival analysis

In a univariate analysis, malnourished patients had poorer survival compared with well-
nourished patients (P=0.005, Figure 2). The median follow-up for survivors was 38.3
months. After 3 years, the survival probability for malnourished patients was 69% compared
with 82% for well-nourished patients; BMI was not found to be associated with survival.
After adjusting for subsets of variables that have previously been found to be jointly
predictive of survival in this patient group,21:22 through backward and stepwise Cox model
construction, malnutrition was no longer independently associated with survival.

Discussion

Eating problems and malnutrition are often significant issues for patients with cGVHD and
are associated with nausea, vomiting, diarrhea, mouth pain, dysphagia, dysgeusia,
xerostomia, anorexia, early satiety and weight loss.2 We show that malnutrition is a
significant consideration in cGVHD diagnosed by NIH criteria, as 29% of our subjects were
malnourished per nutritional evaluation. Lenssen er a/.2* studied weight loss in HSCT
patients 1 year post transplant and reported 33% of patients with extensive cGVHD and 19%
with localized cGVHD had weight-loss problems. Jacobsohn et a/# found that among 93
patients with cGVHD, 43% had a BMI1<21.9 kg/m? and 14% had a BMI<18.5 kg/m?, using
this criterion to designate malnourished and severely malnourished, respectively.

The results of the current study are based on a thorough nutritional evaluation using the PG-
SGA instrument (Table 2), and eliminate the problems that are inherent with weight-based
evaluations, where initial weight is variable, weight loss is often gradual and subtle and the
ramifications of low BMI are often a late finding after clinical and QOL issues have already
negatively affected the patient.8:23 Disadvantages of the PG-SGA include the specialized
training and time needed to correctly administer the tool; however, it is the most widely used
and accepted assessment of nutritional status in oncology, and its use could lead to improved
therapeutic interventions to improve nutrition.10

This cohort consisted of patients with long-standing cGVHD. Almost half of all patients had
active cGVHD, three-quarters had moderate or high levels of current immunosuppressive
therapy and most had previously been on prior systemic therapy for cGVHD, showing the
resistant nature of their cGVHD. Almost all patients were considered to have moderate or
severe cGVHD. Current findings must be placed in this context and will have to be tested in
more newly diagnosed and less severe cases to become generalizable.

Symptoms related to cGVHD may have profound impacts on nutritional status, and are one
potential mechanism to explain malnutrition in this current patient group. Oral cGVHD
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findings and symptoms are often cited as being associated, or even the direct cause, of
malnutrition, secondary to mouth pain with eating.24: 25 26, 27. 28 Here js shown that
although oral cGVVHD is a predictor of malnutrition in cGVHD, most symptoms relating to
mouth pain were not, although 37% of the total PG-SGA score was due to the symptoms
component. Thus oral cGVHD is associated with malnutrition in cGVHD but it does not
appear to be pain mediated. Similar work by Jacobsohn et a/* showed a lack of association
between oral symptoms and weight loss. Further, all symptoms reported as describing Gl
tract problems (including esophageal pain, dysphagia, diarrhea, problems eating or drinking,
vomiting and patient-reported weight loss), are significantly associated with poor nutritional
status, as is Gl cGVHD assessment.

The other main mechanism driving poor nutritional status in cGVHD may relate to the
activity of the cGVHD itself. We find that clinical assessments for oral, lung and Gl cGVHD
are significantly associated with malnutrition. Other studies have indicated that active
cGVHD*7 and poor performance status as measured by the Karnofsky score’ are linked
with nutritional problems. We find that decreased functional status and QOL, as measured
by Human Activity Profile, SF-36 and FACT-BMT, are all associated with malnutrition in
our cGVHD group. The physical and functional components appear to be associated with
malnutrition rather than the emotional, social or mental aspects of these tests. These
associations are probably owing to underlying metabolic deficits seen with cGVHD,
including increased tissue repair needs, infection defense and possible hypermetabolism, all
of which are worsened with standard corticosteroid treatment.28 We did not, however, find a
direct association between level of immunosuppression at the time of evaluation and
malnutrition.

We also evaluated standard laboratory blood tests as predictors of malnutrition. A recent
study by our group (Grkovic et a/21) has shown that lower albumin, higher platelets and
higher C-reactive protein were associated with cGVHD activity. In this analysis, only
albumin was found to be significantly associated with malnutrition. Although low albumin
levels have been used for assessing malnutrition, decreased albumin levels are a marker of
disease and inflammation rather than a feature of malnutrition,®2° and here may act as
another indication of high cGVHD activity.

Limitations of the current study include the cross-sectional design that prevents longitudinal
assessment of nutritional status in cGVHD. Future studies that include newly diagnosed
patients, provide longitudinal monitoring or incorporate monitoring of nutritional status
during therapeutic interventions are needed. Challenges in conducting prospective clinical
trials in cGVHD patients are well known.30:31 The current study presents an effective
method for one-time evaluations when studying malnutrition in patients with a wide-range
of cGVHD manifestations.

In summary, malnutrition is a significant complication for cGVHD patients and is associated
with GI, lung and mouth manifestations and impaired functional status and QOL. Earlier
diagnosis of nutritional deficits may be feasible using one-time evaluation by PG-SGA
before weight loss detection by low BMI. Nutritional intervention studies should explore
whether malnutrition could be prevented and lead to improved cGVHD outcomes.
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Figure 1.

Malnutrition in cGVHD. The prevalence of malnutrition in cGVHD, as defined by PG-SGA
questionnaire and BMI (a). Mean BMI is lower in the malnourished group than in the well-
nourished group as defined by PG-SGA; however, substantial overlap of BMIs between
groups suggests that the two measures are non-synonymous (b).
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Figure 2.
Survival analysis for malnutrition in cGVHD. Malnourished patients have poorer survival

compared with well-nourished patients (log-rank, 2 =0.005), in univariate analysis. In
multivariable analysis, after adjusting for factors associated with survival in this cohort on
previous analysis (NIH lung score, Karnofsky score, lymphocyte count, BSA erythema), this
association was lost.
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Table 1
Patient and cGVHD characteristics

Patient characteristics N (%)
Total number of patients 210
Age (years) 49 (18-70)
Gender

Male 115 (55%)

Female 95 (45%)
Disease

ALL/AML/MDS 85 (40%)

Lymphoma/CLL/MM 79 (38%)

CML 34 (16%)

Sarcoma 2 (1%)

Aplastic anemia/PNH 7 (3%)

Other non-malignant 3(2%)
Conditioning regimen

Myeloblative 109 (52%)

TBI 76 (36%)

Unknown 25 (12%)
Donor relationship

Unrelated 73 (35%)

Related 137 (65%)
Cell source

BM 38 (18%)

Peripheral blood 169 (81%)

Cord blood 3 (1%)
HLA match

Yes 173 (82%)

No 31 (15%)

Unknown 6 (3%)
¢GVHD onset type

Progressive 83 (40%)

Quiescent 50 (24%)

De novo 74 (35%)

Unknown 3 (1%)
Activity by therapeutic intenf

Active 99 (47%)

Not active 71 (34%)

Not on immunosuppression 29 (14%)

Not applicable 11 (5%)
Intensity of immunosuppressiorP

None/mild 55 (26%)
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Patient characteristics N (%)
Moderate 79 (38%)
High 76 (36%)
Lines of prior systemic therapy for cGVHD treatment 3(0-9)

Organ involvemenf
Skin 165 (79%)
Mouth 143 (68%)
Eyes 170 (81%)
Gl tract 92 (44%)
Liver 109 (52%)
Lungs 162 (78%)
Joint/fascia 130 (62%)
Female genital tract 47 (49%)

NIH global organ scoré®
Mild 4 (2%)
Moderate 69 (33%)
Severe 137 (65%)

NIH average score®
Median number of years from transplant to study enrollment

Median number of years from cGVHD diagnosis to study enrollment

1.00 (0.14-2.14)
2.78 (0.34-21.11)
1.88 (0-18.27)
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Table 2
PG-SGA score in cGVHD
Evaluation Meanzs.e.m.
BMI 24.56 +0.35
Patient-Generated Subjective Global Assessment Score (PG-SGA Score)? Total PG-SGA score 7.02£0.36
Weight summary 0.42 £0.07
Food intake 0.37 +0.06
Symptoms 2.56 +0.22
Activities and function 1.15 £0.07
Disease requirements 1.02 +0.02
Metabolic demand 0.91 +0.08
Physical 0.60 +£0.07
Nutrition Global Assessment (PG-SGA)? Well-nourished =150 (71.4%)
Moderate or suspected malnutrition ~ A=49 (23.3%)
Severely malnourished N=11 (5.2%)

Abbreviation: cGVHD = chronic GVHD.

a - - . Lo . . . .
A total PG-SGA score of 2 or above indicates the need for nutritional intervention, including patient and family education, symptom management

including pharmacologic intervention, and appropriate nutrient intervention. For the component scores (weight summary, food intake, symptoms,

activities and function, disease requirements, metabolic demand and physical), any deviation from zero indicates a deficit from optimal nutrition.

PG-SGA Global Assessment categories are based on clinician evaluation of patient’s weight, nutritional intake, nutrition impact of symptoms,

functioning and physical exam. The categories are well-nourished, moderately malnourished or suspected malnutrition, or severely malnourished:
for this study, groups were made of well nourished vs malnourished (moderately malnourished and severely malnourished).
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