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Objective: The aim of this study was to investigate the
role of nutritional factors in predicting radiotherapy-
associated toxicities for gastric cancer patients.
Methods: A total of 285 gastric cancer patients who
underwent radiotherapy in our hospital (Fudan Univer-
sity Shanghai Cancer Center) between 2010 and 2017
were included in this retrospective study. Nutritional
status assessment included body weight loss (BWL),
body mass index (BMI), serum albumin, nutrition risk
screening 2002(NRS-2002), patient-generated subjec-
tive global assessment(PG-SGA) and nutritional risk
index (NRI).

Results: Of all patients, 19.6% were underweight
(BMI<18.5kg/m?), 25.6% were hypoalbuminemia
(<35gl™) and 48.8% lost >10% of body weight in the
6-month interval before radiotherapy(BWL). Mean-
while, 73.3%, 78.6 and 47.2% of the patients were diag-
nosed as malnutrition based on NRS-2002, PG-SGA

INTRODUCTION

Surgery combined with radiotherapy and chemotherapy
is currently the main treatment modality in gastric cancer.
Post-operative chemoradiotherapy should be consid-
ered for all gastric cancer patients at high risk for recur-
rence who have undergone curative resection, which may
improve the local control rate and long-term survival of
patients.! However, problems of treatment-related toxicities
are gradually emerging, which often lead to dose reductions
or treatment breaks.

Malnutrition is very common in gastric cancer patients.z’3
Patients with gastric cancer are particularly susceptible
to malnutrition for numerous reasons, mainly including
tumor-induced metabolic abnormalities,
dietary intake due to cancer-related gastrointestinal symp-
toms and treatment-related side-effects.*® Malnutrition,

decrease in

and NRI, respectively. Hematological adverse events
were present in 91.2% (=Grade 1) and 20.4% (>Grade
3) of the patients. Non-hematological adverse events
occurred in 89.8% (=Gradel) and 14.4% (>Grade 3) of
the patients. Multivariate analyses indicated that only
hypoalbuminemia(<35gl™) was independent predictor
for Grade 3/4 hematological and non-hematological
adverse events. Meanwhile, higher BWL(>10%) was also
independent predictor for Grade 3/4 non-hematological
adverse events. NRS-2002, PG-SGA and NRI score were
not associated with treatment-induced adverse events.
Conclusion: BWL and serum albumin are useful factors
for predicting severe adverse events in gastric cancer
patients who undergo radiotherapy.

Advances in knowledge: The use of nutritional factors in
predicting severe adverse events enables implementa-
tion of individualized treatment strategies for early and
intensive nutritional interventions in high-risk patients.

which causes reduced tissue vitality and decreased wound
healing, may be associated with the incidence of treatment-
induced adverse events.”® Severe adverse toxicities often
lead to dose reductions, interruptions of treatment course
or even treatment terminations, which eventually cause
reduced treatment efficacy.”'® On the other hand, adverse
toxicities may lead to decreased oral food intake and aggra-
vation of malnutrition. Therefore, the assessment of malnu-
trition status and prediction of high-risk patients with
severe adverse events, may play a key role in implementa-
tion of individualized treatment strategies. Early and inten-
sive nutritional interventions might be given for high-risk
patients in order to reduce treatment toxicities.

Some previous studies reported that malnutrition and
weight loss were associated with poor treatment outcomes
and severe toxicities in gastrointestinal cancer patients
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undergoing surgery and chemotherapy.'"'* Also, in most
of these studies, the number of patients was too small to well
analyze their intrinsic relevance. Therefore, the aim of our study
was to evaluate the malnutrition status before radiotherapy and
investigate the role of nutritional factors in predicting severe
radiotherapy-induced toxicities for gastric cancer patients. To
our knowledge, our study was the first report with a relatively
large sample in this field.

METHODS AND MATERIALS

Study patients

Gastric cancer patients who underwent radiation therapy in our
hospital between April 2010 and February 2017 were included
in this retrospective study. Patients who underwent radiation
therapy outside of the gastric regions were eliminated. Patients
who had other types of cancer and those who had poor phys-
ical performance level with ECOG score >2 (the Eastern Coop-
erative Oncology Group, ECOG) were also excluded. Patients
who did not receive comprehensive nutritional assessments
during radiotherapy were excluded. A total of 285 patients were
included in this study. All patients received comprehensive clin-
ical evaluations and nutritional assessments before initiation of
radiation therapy. This study was ethically based on the Decla-
ration of Helsinki and the principles of “good clinical practice”
The study was approved by the Institutional Research and Ethics
Committee.

Treatments and evaluation of adverse events

All patients were treated with intensity-modulated radi-
ation therapy (IMRT) in daily fraction of 1.8 Gy, 5 days
per week, total doses of 45-50.4 Gy. Most patients (89.1%)
received concurrent chemotherapy during radiation therapy.
Of these, 21.4% patients received Capecitabine (625 mg/m?,
bd, day 1-5/week) as chemotherapy protocol while 60.7%
patients received S-1(Tegafur/Gimeracil/Oteracil) (25mg/
m? bd, day 1-5/week). Other concurrent chemotherapy
protocols included XELOX (Oxaliplatin + Capecitabine),
SOX (Oxaliplatin + S-1), FOLFIRI (Irinotecan+5 Fu). These
data were shown in Table 1.

Treatment-associated adverse events were assessed and recorded
by the guidelines of Common Terminology Criteria for Adverse
Events (CTCAE, v. 3). The score of each side-effect was the
highest score among measurements during the treatment period.
Grade 3 and Grade 4 were considered severe adverse effects.
Treatment outcomes were recorded, which included completion
of prescribed radiotherapy and/or chemotherapy (received dose/
cycles compared with prescribed dose/cycles) and occurrence of
unscheduled breaks from radiotherapy (number of breaks, break
duration and reason for the break).

Nutritional assessment

In our study, we used six nutritional parameters to evaluate
the nutritional status of patients before radiation therapy,
including body weight loss (BWL), body mass index (BMI),
serum albumin, nutrition risk screening 2002 (NRS-2002),
patient-generated subjective global assessment (PG-SGA)
and nutritional risk index (NRI). BWL malnutrition was
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Table 1. Patients’ characteristics (N = 285)

Patients’ characteristics N(%)
Age

Median 57

Range 24-87
Sex

Male 210 (73.7)

Female 75 (26.3)
T Stage

T1-2 28 (9.8)

T3-4 257 (90.2)
N Stage

Negative 11 (3.9)

Positive 274 (96.1)
Metastasis

Negative 260 (91.2)

Positive 25 (8.8)
Radiotherapy

45Gy (25Fx in 5 weeks) 251 (88.1)

50.4 Gy (28 Fx in 5.5 weeks) 20 (7.0)

Others 14 (4.9)
Chemotherapy regimen

No concurrent chemo 31(10.9)

Capecitabine 61 (21.4)

S-1 173 (60.7)

Others (XELOX; SOX; FOLFIRI) 20 (7.0)
Treatment type

Neoadjuvant 67 (23.5)

Adjuvant 189 (66.3)

Palliative 29 (10.2)

FOLFIRI: Irinotecan + 5-Fu; SOX: Oxaliplatin + Tegafur;XELOX:
Oxaliplatin + Capecitabine.

defined as a greater than 10% decrease in body weight in
the 6-month interval immediately preceding radiation
therapy. BMI was calculated and underweight was defined
as BMI less than 18.5kg/m” The value of serum albumin
was considered “low” when below 35g17".!* Furthermore,
nutritional screening tools such as NRS-2002, PG-SGA and
NRI were assessed. NRS-2002 score combined data from
nutritional status, severity of disease and age, and NRS-2002
>3 was considered to have risk of malnutrition.'””> PG-SGA
score was composed of two sections of numerical scores.
The first section was a medical history section completed
by the patient, and the second section was a physical exam-
ination section completed by medical staff. The sum scores
of these two sections were classified as three grades: without
or mild malnutrition (PG-SGA 0-3), moderate malnutri-
tion (PG-SGA 4-8) and severe malnutrition (PG-SGA >9).1
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Table 2. Nutritional status-related indices of the patients (N = 285)
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Neoadjuvant N = 67 Adjuvant N = 189 Palliative N = 29

Nutritional status n (%) n (%) n (%)
BWL (%)

Mean 5.31 11.76 5.89

>10% 12 (17.9) 120 (63.5) 7 (24.1)

<10% 55 (82.1) 69 (36.5) 22 (75.9)
BMI (kg/m?)

Mean 22.56 20.73 20.57

>18.5 64 (95.5) 144 (76.2) 21 (72.4)

<18.5 3(4.5) 45 (23.8) 8 (27.6)
Albumin (g/L)

Mean 39.69 38.45 38.28

>35 58 (86.6) 133 (70.4) 21 (72.4)

<35 9(13.4) 56 (29.6) 8(27.6)
NRS2002 score

Mean 2.36 4.01 3.07

>3 27 (40.3) 163 (86.2) 19 (65.5)

<3 40 (59.7) 26 (13.8) 10 (34.5)
PG-SGA score

Mean 4.67 7.13 6.90

0-3 23(34.3) 30 (15.9) 8(27.6)

4-8 38 (56.7) 105 (55.6) 15 (51.7)

=9 6(9.0) 54 (28.6) 6(20.7)
NRI score

Mean 99.78 95.20 97.40

<83.5 5(7.5) 32(16.9) 6(20.7)

83.5-97.5 18 (26.9) 70 (37.0) 7 (24.1)

>97.5 44 (65.7) 87 (46.0) 16 (55.2)

BMI: body mass index;BWL: body weight loss; NRI: nutritional risk index; NRS: nutrition risk screening; PG-SGA: patient-generated subjective

global assessment.

NRI was calculated as follows: NRI= (1.519*serum albumin,
g/L)+0.417*(present body weight /ideal body weight) *100.
NRI scores were regrouped as three grades: major risk (NRI
<83.5), moderate risk (NRI 83.5-97.5) and mild risk (NRI
>97.5).1

Statistical analyses

Statistical analyses were performed using SPSS v. 18.0 (Chicago,
IL). Categorical variables were expressed as counts and percent-
ages. To analyze the associations between adverse events and
clinical or nutritional variables, the y* test was used for univar-
iate analysis. Multivariate binary logistic regression was further
computed to investigate the relationship between adverse events
and these variables. Covariates used in each multivariate anal-
ysis were those which showed significance in univariate analysis.
All tests were two-sided and were performed at a 5% level of
significance.

RESULTS

Patients’ characteristics

Clinical characteristics of the patients were presented in Table 1.
This study included 210 (73.7%) males and 75 (26.3%) females.
The median age was 57 years old (range 24-87). All patients
received comprehensive evaluations at baseline and their clinical
or pathological stages were shown as follows: for T stage, 28 (9.8%)
and 257 (90.2%) patients were classified as T1-2 and T3-4, respec-
tively. For N stage, 274 (96.1%) and 11 (3.9%) patients were classi-
fied as N + and N0, respectively. Of all patients, 25 (8.8%) patients
were diagnosed as distant metastasis. For treatment type, most
patients received adjuvant (66.3%) or neoadjuvant (23.5%) radio-
therapy, and 89.1% patients received concurrent chemotherapy.

Evaluation of nutritional status
The results of nutritional status-related assessments at baseline
were shown in Table 2. There were 139 (48.8%) patients who
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Table 3. Hematological and non-hematological adverse events (N = 285)
Grade of treatment toxicity (No (%))
Grade 3
Events Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 +4
Hematological adverse Anemia 96 (33.7) 130 (45.6) 54 (18.9) 5(1.8) 0(0) 5(1.8)
events Leucopenia 59 (20.7) 86 (30.2) 95 (33.3) 42(147) 3(11) 45 (15.8)
Neutropenia 126 (44.2) 53 (18.6) 76 (26.7) 29 (10.2) 1(0.4) 30 (10.5)
Thrombocytopenia 136 (47.7) 82 (28.8) 56 (19.6) 11 (3.9) 0(0) 11 (3.9)
Total 25(8.8) 75 (26.3) 127 (44.6) 55 (19.3) 3(1.1) 58 (20.4)
Non-hematological Anorexia 96 (33.7) 60 (21.1) 96 (33.7) 33 (11.6) 0(0) 33 (11.6)
adverse events Nausea 86 (30.2) 108 (37.9) 74 (26.0) 17 (6.0) 0 (0) 17 (6.0)
Vomiting 159 (55.8) 68 (23.9) 51(17.9) 7 (2.5) 0 (0) 7(2.5)
Diarrhea 231 (81.1) 41 (14.4) 13 (4.6) 0(0) 0 (0) 0 (0)
Constipation 194 (68.1) 69 (24.2) 21 (7.4) 1(0.4) 0 (0) 1(0.4)
Abdominal pain 220 (77.2) 56 (19.6) 8(2.8) 1(0.4) 0 (0) 1(0.4)
Stomatitis 187 (65.6) 74 (26.0) 22(7.7) 2(0.7) 0(0) 2(0.7)
Abdominal distension 195 (68.4) 45 (15.8) 44 (15.4) 1(0.4) 0(0) 1(0.4)
Intestinal obstruction 283 (99.3) 1(0.4) 1(0.4) 0(0) 0(0) 0(0)
Total 29 (10.2) 91 (31.9) 124 (43.5) 41 (14.4) 0(0) 41 (14.4)

lost 210% of body weight in the 6-month interval before radio-
therapy (BWL). Of all patients, 19.6% were underweight (BMI <
18.5 kg/mz) and 25.6% were hypoalbuminemia (<35 gl_l). Three
nutritional screening tools were used in this study. Of all patients,
73.3% exhibited NRS-2002 score 23 which indicated the risk of
malnutrition. The results of PG-SGA assessment showed that
55.4% of the patients were diagnosed as moderate malnutrition
and 23.2% were diagnosed as severe malnutrition. Meanwhile,
the results of NRI assessment showed that 32.5 and 14.7% of the
patients were diagnosed as moderate and severe malnutrition,
respectively.

Treatment-associated adverse events

Hematological and non-hematological adverse events of the
patients were shown in Table 3. About 91% of the patients expe-
rienced hematological adverse events (>Grade 1) and 20.4% of
the patients had severe adverse events (Grade 3-4). The most
common severe adverse events (Grade 3-4) were leucopenia
(15.8%) and neutropenia (10.5%). About 90% of the patients
experienced non-hematological adverse events (=Grade 1) and
14.4% of the patients had adverse events with Grade 3. None
of the patients experienced Grade 4 adverse events. The most
common severe adverse events (Grade 3-4) were anorexia
(11.6%) followed by nausea (6.0%).

93% of the patients (265/285) finished their radiotherapy as
it was planned. However, about 2% of the patients (6/285)
needed unplanned breaks in radiotherapy because of treat-
ment toxicities. About 5% of patients (14/285) didn't finish their
radiotherapy mainly because of treatment toxicities (other 2
patients because of their tumor progression). Meanwhile, 90%
of patients (255/285) received concurrent chemotherapy during

radiotherapy. About 27% of the patients (68/255) required drug
dose reduction or treatment breaks because of their intolerable
toxicities.

Prediction of treatment-associated adverse events
Association between different risk factors and hematolog-
ical adverse events was analyzed and shown in Table 4. Based
on the degree of hematological adverse events, patients were
classified as those without or just with slight toxicities (Grade
0-2) and those with severe toxicities (Grade 3-4). Among these
clinical and nutritional factors, higher BWL (=10%), under-
weight (BMI<18.5kg/m?) and hypoalbuminemia (<35gl™")
demonstrated a statistically significant association with severe
adverse events. Meanwhile, NRI score <83.5, NRS-2002 score
>3and PG-SGA score 9 were also found to be significant risk
factors for severe adverse events. However, there was no statis-
tical significance associated with other factors, including sex,
age, metastasis, surgery prior to RT, chemotherapy prior to RT
and concurrent chemotherapy. Multivariate analysis was further
performed among these factors and the results showed that only
hypoalbuminemia (<35 gl_l) [odds ratio, OR 3.380; 95% confi-
dence interval (CI) 1.398-8.173, p = 0.007] was significantly and
independently related to severe toxicities.

Similarly, association between these risk factors and non-
hematological adverse events was also analyzed and shown in
Table 5. Higher BWL (>10%) and hypoalbuminemia (<35g1™")
were significantly associated with severe adverse events. Mean-
while, NRI score <83.5and PG-SGA score 29 were also demon-
strated to be significant risk factors for severe toxicities. On the
other hand, there was no significant relationship between severe
adverse events and other factors, including sex, age, metastasis,
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Table 4. Multivariate logistic regression analysis of risk factors for hematological adverse events (N = 285)

BJR

Grade 0-2 Grade 3-4 Univariate Multivariate
(N=227) (N=58) p- value OR (95% CI) p- value

Sex Male 170 (81.0%) 40 (19.0%) 0.360
Female 57 (76.0%) 18 (24.0%)

Age >60 101 (81.5%) 23 (18.5%) 0.507
<60 126 (78.3%) 35 (21.7%)

Metastasis Positive 17 (68.0%) 8(32.0%) 0.130
Negative 210 (80.8%) 50 (19.2%)

Surgery prior to RT Yes 152 (80.4%) 37 (19.6%) 0.649
No 75 (78.1%) 21(21.9%)

Chemotherapy prior to RT Yes 203 (78.4%) 56 (21.6%) 0.124
No 24 (92.3%) 2(7.7%)

Concurrent chemotherapy Yes 204 (80.3%) 50 (19.7%) 0.424
No 23 (74.2%) 8(25.8%)

BWL >10% 99 (71.2%) 40 (28.8%) 0.001 1.58 (0.76-3.31) 0.220
<10% 128 (87.7%) 8(12.3%) 1

BMI >18.5 188 (82.1%) 41 (17.9%) 0.038 1 0.702
<18.5 39 (69.6%) 17 (30.4%) 1.16 (0.40-1.87)

Albumin >35 187 (88.2%) 25(11.8%) <0.001 1 0.007
<35 40 (54.8%) 33 (45.2%) 3.38(0.12-0.72)

NRI >83.5 207 (85.5%) 35(14.5%) <0.001 1 0.344
<83.5 20 (46.5%) 23 (53.5%) 1.64 (0.59-4.54)

NRS-2002 >3 160 (76.6%) 49 (23.4%) 0.031 1.04 (0.41-2.60) 0.942
<3 67 (88.2%) 9(11.8%) 1

PG-SGA >9 41 (62.1%) 25(37.9%) <0.001 2.00 (0.98-4.05) 0.057
<9 186 (84.9%) 33 (15.1%) 1

BMI: body mass index;BWL: body weight loss;Cl, confidence interval; NRI: nutritional risk index; NRS: nutrition risk screening;OR, odds ratio; PG-

SGA: patient-generated subjective global assessment.

surgery prior to RT, chemotherapy prior to RT, concurrent
chemotherapy, BMI and NRS-2002 score. Furthermore, multi-
variate analysis was performed and the results showed that higher
BWL (=10%) (OR 4.900; 95% CI 1.677-14.322, p = 0.004) and
hypoalbuminemia (<35g1_1) (OR 9.929; 95% CI 3.166-31.136,
p < 0.001) were significantly and independently associated with
severe adverse events.

DISCUSSION

There are various methods for screening and evaluating nutri-
tional status of patients, but no consensus has been reached.
In our study, we assessed the nutritional status of patients by
several common methods and investigated the relationship
between these nutritional factors and the toxicities of radio-
therapy in gastric cancer. Firstly, we analyzed weight-associated
factors including BMI and BWL. We observed that patients with
210% BWL had higher incidence of severe adverse events during
radiotherapy compared with those without. Meanwhile, under-
weight patients (BMI<18.5kg/m?) also had higher incidence

of severe toxicities. However, by multivariate analysis, we only
found BWL (210%) was a significant and independent predictor
for severe non-hematological adverse events. According to the
results of our study, patients with obvious weight loss before
radiotherapy had a significant increase in the probability of
severe non-hematological toxicity of radiotherapy, but this
phenomenon couldn't be observed for patients with low weight.
Therefore, we think that it is more appropriate to evaluate the
recent weight loss before radiotherapy for predicting severe
toxicities of radiotherapy. Some studies also reported that greater
BWL was associated with poor chemoradiotherapy compli-
ance.'>!® However, other studies indicated that underweight
patients were also prone to having treatment-related toxicities.
A recent Korean study pointed out that patients with low BMI
were highly susceptible to severe hematological adverse events
for gastric cancer patients who received chemotherapy.'* Hu
et al also demonstrated that postoperative complications were
significantly associated with BWL and BMI before surgery.'” It
should be pointed out that these studies were aimed at toxicities
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Table 5. Multivariate logistic regression analysis of risk factors for non-hematological adverse events (N = 285)
Grade 0-2 Grade 3-4 Univariate Multivariate
(N =244) (N=41) p-value OR (95% CI) p-value
Sex Male 179 (85.2%) 31 (14.8%) 0.762
Female 65 (86.7%) 10 (13.3%)
Age =60 110 (88.7%) 14 (11.3%) 0.191
<60 134 (83.2%) 27 (16.8%)
Metastasis Positive 21 (84.0%) 4(16.0%) 0.768
Negative 223 (85.8%) 37 (14.2%)
Surgery prior to RT Yes 157 (83.1%) 32 (16.9%) 0.086
No 87 (90.6%) 9 (9.4%)
Chemotherapy prior to RT Yes 220 (84.9%) 39 (15.1%) 0.394
No 24 (92.3%) 2(7.7%)
Concurrent chemotherapy Yes 217 (85.4%) 37 (14.6%) 0.803
No 27 (87.1%) 4(12.9%)
BWL >10% 103 (74.1%) 36 (25.9%) <0.001 4.90 (1.68-14.32) 0.004
<10% 141 (96.6%) 5(3.4%) 1
BMI >18.5 200 (87.3%) 29 (12.7%) 0.094
<18.5 44 (78.6%) 12 (21.4%)
Albumin >35 205 (96.7%) 7 (3.3%) <0.001 1 <0.001
<35 39 (53.4%) 34 (46.6%) 9.90 (0.03-0.32)
NRI >83.5 227 (93.8%) 15 (6.2%) <0.001 1 0.062
<83.5 17 (39.5%) 26 (60.5%) 2.85 (0.95-8.57)
NRS-2002 >3 174 (83.3%) 35 (16.7%) 0.060
<3 70 (92.1%) 6(7.9%)
PG-SGA =9 48 (72.7%) 18 (27.3%) 0.001 1.08 (0.44-2.71) 0.862
<9 196 (89.5%) 23 (10.5%) 1

BMI: body mass index;BWL: body weight loss;Cl, confidence interval; NRI: nutritional risk Index; NRS: nutrition risk screening;OR, odds ratio; PG-

SGA: patient-generated subjective global assessment.

or complications of chemotherapy and surgery, but our study
focused on the adverse events of radiotherapy, which might lead
to difference in results. Of course, our conclusions still need to
be further verified.

Serum albumin is a common nutritional evaluation index in
clinical settings. Previous studies found that hypoalbuminemia
was closely associated with poor cancer prognosis.'®!® Further-
more, prognostic nutritional index calculated based on serum
albumin and lymphocytes was reported as a prognostic marker
in gastric cancer patients.”’ However, few recent studies found
a potential correlation between serum albumin and treatment-
associated adverse events, which might help physicians to apply
individualized therapy strategies in clinical practice.'*'” Seo et al
indicated that hypoalbuminemia was a sensitive factor to predict
chemotherapy-associated hematological side-effects, the most
frequently occurring neutropenia. However, no significant asso-
ciation was observed for serum albumin with non-hematological
adverse events in this study.'? Another study also demonstrated

that hypoalbuminemia significantly predicted post-operative
complications and the hypoalbuminemia group had signifi-
cantly longer total hospital stay.!” In our study, we found that
about 25% of patients had hypoalbuminemia, and we also found
that hypoalbuminemia was the only significant and independent
marker in predicting both hematological and non-hematological
radiotherapy-associated toxicities, even by multivariate analysis.
Gastric cancer patients are prone to hypoalbuminemia before
radiotherapy due to various reasons including the decrease
of patients' intake, treatment-related side-effects, and tumor-
induced metabolic abnormalities. Hypoalbuminemia may cause
reduced tissue vitality and decreased wound healing,”® which
may lead to the aggravation of radiotherapy toxicity. Therefore,
serum albumin might be a promising marker to predict treat-
ment complications and would be applied in individualized
therapy strategies.

There are various screening methods to be used in nutritional
assessment of cancer patients. In our study, we chose and
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analyzed three common nutritional screening tools including
NRS-2002, PG-SGA and NRI. NRS-2002 score combined data
from nutritional status, severity of disease and age. PG-SGA
score was composed of two sections: medical history section
completed by patients and physical examination completed by
medical staff. NRI score was calculated based on serum albumin
and body weight. In our study, 73.3%, 78.6% and 47.2% of the
patients were diagnosed as malnutrition based on NRS-2002,
PG-SGA and NRI, respectively. Patients who were assessed as
malnutrition based on these three screening tools had higher
incidence of severe toxicities, but there was no significant asso-
ciation by multivariate analyses. Some studies also reported
similar results. Seo et al indicated that there was no significant
relationship of PG-SGA and NRI with hematological or non-
hematological adverse events for gastric cancer patients who
received chemotherapy.'> Kono et al also could not find a statis-
tically significant association between nutritional tools (NRI and
NRS-2002) and severe radiotherapy-associated toxicities for head
and neck cancer patients.?! However, some other studies had
come to different conclusions. Barret et al indicated that severe
malnutrition assessed by NRI was shown to increase the adverse
events and reduce the survival rate in metastatic colon cancer
patients.”? Another study suggested that higher PG-SGA score
increased incidence of treatment complication and hospitaliza-
tion."” The presumable reasons for these different results were
as follows: because of the weak specificity of NRS-2002, this tool
might be more suitable for primary malnutrition risk screening,
not for further nutritional assessment of cancer patients. On the
other hand, PG-SGA score was affected by subjective factors of
patients, which might affect the accuracy of malnutrition conclu-
sion to a certain extent. Therefore, although NRS-2002, PG-SGA
and NRI are all validated approaches successfully applied in

clinical settings as nutritional assessment tools, the role of their
prediction for treatment-associated adverse events needs to be
further verified.

There were several limitations to this study. This was a retrospec-
tive study with different treatment modalities, which rendered
assessment and analyses difficult. In this study, we analyzed the
association between treatment toxicities and different treatment
modalities, but we did not find statistically significant differ-
ence. However, the heterogeneity of these various factors still
might affect the accuracy and reliability of the results. Therefore,
further prospective, well-designed future studies are required.
Based on the preliminary results of this study, our institution is
also carrying out a multicenter prospective nutrition assessment
study, I believe there will be a more convincing conclusion in
the future. Furthermore, recent progress has been made in the
treatment strategy and nutritional management, further analyses
for evaluating new original indices for gastric cancer are also
required.

CONCLUSIONS

In our study, both BWL and serum albumin were useful factors
for predicting severe adverse events in gastric cancer patients
who underwent radiotherapy. However, some frequently used
nutritional screening tools (NRS-2002, PG-SGA and NRI) were
unable to predict radiotherapy-associated adverse events. We
believe that our results will help the implementation of aggres-
sive nutritional interventions to high-risk patients prior to radio-
therapy, improving treatment compliance. However, further
prospective, well-designed studies should also be performed in
the future.
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