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Abstract

Objectives: This study investigated the role of vitamin D in Graves' disease and autoimmune thyroid disease and ex-
amined the relationship between vitamin D levels and thyroid ophthalmopathy, inflammation, body mass, and thyroid
autoantibodies.

Methods: The study included 80 participants: 40 active Graves' disease patients before treatment, 20 patients with
euthyroid autoimmune thyroid disease, and 20 healthy individuals. All Graves' disease patients were evaluated for oph-
thalmopathy. Measurements included 25(0OH)D, high-sensitivity CRP, erythrocyte sedimentation rate, fibrinogen, and
anthropometric assessments. Thyroid function tests and autoantibodies were evaluated in the autoimmune thyroid
disease group.

Results: Vitamin D levels were significantly lower in Graves' disease and autoimmune thyroid disorder patients com-
pared to healthy controls. Lower vitamin D correlated with higher thyroid receptor and anti-thyroid peroxidase antibod-
ies. Patients with thyroid ophthalmopathy had even lower vitamin D levels. Vitamin D deficiency was associated with
inflammation and higher body mass index.

Conclusion: Lower vitamin D levels were linked to Graves' disease, autoimmune thyroid disorders, and thyroid oph-
thalmopathy. Vitamin D deficiency was also associated with increased inflammation in these conditions, suggesting a
potential role for vitamin D in the pathogenesis of autoimmune thyroid disorders, particularly thyroid ophthalmopathy.
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characteristics of the disease, which are ophthalmopathy

Autoimmune thyroid disorders include Graves disease
and dermatopathy.*

(GD), Hashimoto thyroiditis, and postpartum thyroid-
itis. The major pathogenesis in Graves disease is TSH re-

ceptor antibodies (TRAb) acting against the TSH receptor Graves disease is the most common cause of hyperthyroid-

(TSHR), similar to TSH.I'* Diffuse goiter and thyrotoxicosis
occur due to autoimmune stimulation of the thyroid gland.
Besides, retroorbital and dermal infiltrations lead to other

ism. Graves ophthalmopathy is also observed in almost
half of the patients.”? Preferred treatment alternatives for
Graves disease are antithyroid treatment, radioactive io-
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dine (RAI), and/or surgery. However, these treatments do
not target the pathogenesis but only provide symptomat-
ic cure. Mostly, permanent remission is not achieved after
long-term therapies.®

The main function of vitamin D is the absorption of cal-
cium and phosphate and maintenance of body calcium/
phosphate balance along with PTH. It is well proven that,
besides calcium and phosphate metabolism, vitamin D has
many effects on growth and development, such as cell dif-
ferentiation, brain development, and the immune system.
Vitamin D deficiency is implicated in rickets and osteoma-
lacia, as well as multiple sclerosis, type 1 diabetes, several
cancers, immune system disorders, and a tendency toward
infectious diseases.”” The discovery of vitamin D receptors
(VDR) in many tissues led to additional studies beyond cal-
cium and phosphate metabolism. Identification of VDRs on
almost all immune system cells, mainly on active T and B
lymphocytes and antigen-presenting cells such as activat-
ed macrophages and dendritic cells, suggested its role in
immune regulation.!'”

After the discovery of the relationship between vitamin
D, immune function, and autoimmune disorders, its asso-
ciation with autoimmune thyroid disorders has also been
taken into consideration. In animal models, if cyclosporin
was given with vitamin D supplements for the treatment
of autoimmune thyroid disorder, disease remission was
accelerated. Also, in a study on mice, subjects with vita-
min D deficiency had a tendency toward thyrotoxicosis.!'?
In studies on humans, vitamin D levels in Graves patients
were significantly lower than in control groups.In various
studies, vitamin D levels have been found to be associated
with obesity, inflammation, and thyroid function tests.!'

In this study, we aimed to evaluate the role of vitamin D
in the activation of Graves disease and the pathogenesis
of autoimmune thyroid disorders. Besides, we planned to
investigate whether a significant alteration existed in in-
flammatory markers with Graves disease activation or au-
toimmune thyroid disorder and also the possible relation
of inflammatory markers and thyroid ophthalmopathy
with vitamin D.

Methods

Study Design and Participants

The study consisted of three groups, the first of which in-
cluded 40 active Graves patients; the second, 20 euthyroid
patients with autoimmune thyroid disease (ATD); and the
third, 20 healthy controls. In all groups, patients had sim-
ilar age and gender characteristics. In the Graves group,
newly diagnosed Graves patients who had thyrotoxicosis
and TRAD positivity or remitted Graves patients who were

reactivated and had thyrotoxicosis were included before
starting antithyroid treatment. The autoimmune thyroid
disease group included patients who were under fol-
low-up and euthyroid while using L-thyroxin treatment.
The control group consisted of healthy volunteers who
did not have a goiter on physical examination and were
euthyroid.

Clinical Assessments

Body weight, height, and waist measurements were taken,
and body mass index (BMI) was calculated according to
the body weight (kg)/height (m?) formula for all patients.
All patients admitted with active Graves disease were eval-
uated for ophthalmopathy by ophthalmological examina-
tion and orbital MRI if required. According to the findings,
patients with Graves disease were classified as with and
without ophthalmopathy. None of the euthyroid patients
with autoimmune thyroid disease or the control group had
ophthalmopathy.

Laboratory Measurements

Blood tests were performed after at least 8 hours of fast-
ing. In all patients, 25(0OH)D, serum calcium, phosphate,
total alkaline phosphatase (ALP), parathormone, albumin,
as well as inflammatory markers, including high-sensitivity
C-reactive protein (hsCRP), erythrocyte sedimentation rate
(ESR), and fibrinogen levels, were measured. Serum calci-
um, phosphorus, albumin, and parathormone (PTH) levels
were also studied since the levels might be affected by vi-
tamin D. Serum calcium levels were corrected according to
serum albumin levels.

In the active Graves group, TSH receptor antibody (TRAb),
anti-thyroid peroxidase antibody (anti-TPO), anti-thyro-
globulin antibody (anti-Tg), free T3 (FT3), free T4 (FT4), and
TSH levels were recorded. In the autoimmune thyroid dis-
ease group and the control group, anti-TPO, anti-Tg, FT3,
FT4, and TSH levels were also measured. In all patients, 24-
hour urine was collected, and urinary calcium excretion
was calculated.

Patients were included in the study during fall and winter
in order to exclude seasonal effects on vitamin D measure-
ments. Patients using drugs that may affect vitamin D lev-
els, those who have diseases related to calcium, phosphate,
or bone metabolism, renal or hepatic failure, or chronic in-
flammatory conditions were not included in the study.

To measure 25(0OH)D levels, blood was centrifuged for 10
minutes at 3000 rpm, and sera were separated, stored, and
frozen at -20°C until analysis. 25(0H)D was measured by
the ELISA method using immunodiagnostic kits with a Bio-
tech Microplate (Biotech ELx 800, USA) analyzer.



Ethical Approval

This study was undertaken at Eskisehir Osmangazi Univer-
sity Medical Faculty, Department of Endocrinology and
Metabolism, and the study was evaluated and approved by
the Eskisehir Osmangazi University Medical Faculty Ethical
Committee (29.06.2015, No: 80558721/207). Written in-
formed consent was obtained from each participant.

Statistical Analysis

Statistical analysis of the variables was performed using
SPSS 21.0. Categorical measures were presented as num-
bers and percentages; numerical outcomes as mean and
standard deviation. The chi-square test was used for com-
parison of categorical variables between groups. Distribu-
tion of numerical variables was evaluated with the Kolmog-
orov-Smirnov test.

If assumptions were met, independent t-tests were used
for between-group comparisons of numerical values (pa-
tient—control, vitamin D deficiency +/—, etc.); otherwise,
the Mann-Whitney U test was used. For comparisons of
numerical values between more than two groups, one-way
analysis of variance was used if assumptions were met; oth-
erwise, the Kruskal-Wallis test was applied.

For significant cases, dual subgroup comparisons were per-
formed using relevant post hoc tests (Scheffé, Bonferroni,
Tamhane, etc.) or Bonferroni-corrected Mann-Whitney U
tests. Correlations between numerical variables were as-
sessed using Spearman correlation coefficients. In all tests,
statistical significance was accepted as p<0.05, p<0.01, or
p<0.001.

Results

Biochemical and Anthropometric Parameters

Serum phosphate levels of the patients with active Graves
disease were significantly lower than those of healthy
subjects (p=0.026). Serum corrected calcium, total alka-
line phosphatase, parathormone, 24-hour urinary calcium
excretion level, and inflammatory parameters, including
ESR, hsCRP, and fibrinogen levels, did not differ signifi-
cantly between the groups. BMI and waist circumference
of the patients with active Graves disease were signifi-
cantly lower than those of patients with autoimmune
thyroid disease and the healthy group (p=0.024, p<0.001,
respectively) (Table 1).

Serum 25(OH)D Levels in Study Groups

The mean 25(0OH)D levels were found to be 13.56 ng/ml
in patients with active Graves disease, 13.26 ng/ml in pa-
tients with autoimmune thyroid disease, and 22.09 ng/ml
in the healthy control group. Serum 25(0OH)D levels of the
patients with active Graves disease and those with autoim-
mune thyroid disorders were significantly lower than those
of the healthy group (p=0.03) (Table 1-3, Fig. 1).

In our study, 30 of 40 active Graves disease patients (75%),
17 of 20 autoimmune thyroid disease patients (85%), and
10 of 20 individuals in the healthy control group (50%) had
25(0OH)D levels below 20 ng/ml and had severe vitamin D
deficiency. Moreover, when 30 ng/ml was selected as the
lower limit for 25(0OH)D level, 39 of 40 active Graves disease
patients (97.5%), 19 of 20 autoimmune thyroid disease pa-
tients (75%), and 5 of 20 individuals in the healthy group

Table 1. Anthropometric measurements and biochemical parameters of the study groups

Parameter Active graves (n=40) ATD (n=20) Healthy control (n=20) p Significant comparisons
25(0OH)D (ng/mL) 13.50+7.77 13.26+7.98 22.09+16.54 0.030* 1vs.3,2vs.3
Calcium (mg/dL) 9.35+0.43 9.49+0.43 9.43 £ 0.35 0.263 -
Phosphorus (mg/dL) 3.13+£0.69 3.43+£0.60 3.59+0.55 0.026* 1vs.3
ALP (U/L) 74.45+34.26 72.70+£31.40 64.65+27.27 0.399 -

PTH (pg/mL) 49.42+17.85 51.85+17.50 49.40+14.62 0.635 =

ESR (mm/h) 6.75+3.84 4.80+4.34 7.55+6.30 0.135 -
hsCRP (mg/dL) 3.19+£2.65 2.45+1.98 3.60+2.23 0.232 =
Fibrinogen (mg/dL) 301.70+33.58 286.75+43.10 294.25+36.02 0.414 -
Urinary Calcium (mg/day) 110.32+63.70 107.50+48.90 132.80+78.02 0.720 -

BMI (kg/m?) 25.67+4.05 28.45+3.48 27.70%4.05 0.024* 1vs.2,1vs.3
Waist Circumference (cm) 92.15+£13.32 103.75+11.80 105.20+8.09 0.007%*** 1vs.2,1vs.3

Data are presented as mean + standard deviation. ATD: Autoimmune thyroid disease; ALP: Alkaline phosphatase; PTH: Parathormone; ESR: Erythrocyte sedimentation
rate; hsCRP: High-sensitivity C-reactive protein; BMI: Body mass index. *p<0.05, **p<0.01, ***p<0.001 indicate statistical significance. Group comparisons: 1 = Active

graves, 2 = ATD, 3 = Healthy control.
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Table 2. Comparison of parameters between graves patients with
25(0OH)D Levels < 20 ng/mL and > 20 ng/mL

Parameter 25(0OH)D < 25(0OH)D > p

20 ng/mL 20 ng/mL
Phosphorus (mg/dL) 3.14+0.61 3.77+£0.54  <0.001***
ALP (U/L) 79.82+32.87 51.08+£16.38  <0.0071***
PTH (pg/mL) 531741740 422141255  0.008**
ESR (mm/h) 6.59+4.66 6.13+4.99 0.693
hsCRP (mg/dL) 3.20+2.61 2.86+1.81 0.574
Fibrinogen (mg/dL) 294.35+£37.66  300.43+35.09 0.507
k’nfgfégyc)a'd“m 923544427  171.95+72.02 <0.001%%*
TRADb (U/L) 11.92+£12.30 2.94+1.21 0.028**

Data are presented as mean + standard deviation. ALP: Alkaline phosphatase;
PTH: Parathormone; ESR: Erythrocyte sedimentation rate; U Calcium: Urinary cal-
cium; TRAb: Thyroid-stimulating hormone receptor antibody; Phos: Serum phos-
phorus. ¥p<0.05, **p<0.01, ***p<0.001 indicate statistical significance.

Table 3. Correlations between 25(0OH)D levels and biochemical
parameters in active graves patients

Parameter r P
Calcium (mg/dL) 0.565 <0.007%**
Phosphorus (mg/dL) 0.551 <0.007***
ALP (U/L) -0.669 <0.001***
PTH (pg/mL) -0.648 <0.0071%***
ESR (mm/h) -0.402 0.010*
hsCRP (mg/dL) -0.502 <0.0071%***
Urinary Calcium (mg/day) 0.658 <0.007***
TRADb (U/L) -0.363 0.021*

r: Pearson correlation coefficient. ALP: Alkaline phosphatase; PTH: Parathor-
mone; ESR: Erythrocyte sedimentation rate; U Calcium: Urinary calcium; TRAb:
Thyroid-stimulating hormone receptor antibody. *p<0.05, **p<0.01, ***p<0.001
indicate statistical significance.

(25%) had 25(0OH)D levels below 30 ng/ml and had insuffi-
cient vitamin D levels. The ratio of the patients with vitamin
D levels below 20 ng/ml and 30 ng/ml to the total number
of patients in the groups is shown in Figure 2.

Vitamin D Levels and Thyroid Ophthalmopathy

Among Graves disease patients, 21 patients had thyroid
ophthalmopathy, and 19 did not have thyroid ophthal-
mopathy. The mean 25(0OH)D level was 10.66 ng/ml in pa-
tients with thyroid ophthalmopathy and 16.64 ng/ml in
patients without thyroid ophthalmopathy. 25(OH)D levels
of the Graves disease patients with ophthalmopathy were
significantly lower than those of the Graves disease pa-
tients without ophthalmopathy (p=0.016) (Fig. 3). Serum
TRAD levels were also significantly higher in patients with

Serum 25(OH)D Levels in Study Groups

p = 0.03*

p = 0.03*

25+

25(0OH)D (ng/mL)

Active Graves ATD Control

Figure 1. 25(0OH)D levels in active Graves disease (n=40, 13.50+7.7
ng/ml), autoimmune thyroid disease (n=20, 13.26+7.9 ng/ml), and
the control group (n=20, 22.09+16.5 ng/ml, p=0.03).

1201 - -
I 25(0H)D =20 ng/mL (%)
W 25(0H)D <30 ng/mL (%)

Percentage (%)

Control

Active Graves ATD

Figure 2. Percentage of 25(0OH)D level less than or equal to 20 ng/
ml and 30 mg/dl in active Graves disease [(n=40, n=30(<20 ng/
ml), n=39 (<30 ng/ml)], autoimmune thyroid disease (ATD) [(n=20,
n=17(<20 ng/ml), n=19 (<30 ng/ml)] and the control group [(n =20,
n=10(<20 ng/ml), n=15(<30 ng/ml), p<0.05].

Graves disease who had 25(0OH)D levels <20 ng/ml com-
pared to Graves patients with 25(0H)D levels >20 ng/ml
(11.92+£12.30 vs. 2.94+1.21, p=0.028).

Correlation Analyses in Graves’ Disease

In patients with Graves disease, 25(0OH)D levels correlat-
ed positively with serum calcium (r=0.565, p<0.001), uri-
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Figure 3. 25(0OH)D levels in patients with Graves ophtalmopathy
(n=21, 10.66+6.38 ng/ml), and without ophthalmopathy (n=19,
16.64+8.11 ng/ml, p=0.016).

nary calcium (r=0.363, p=0.021), and serum phosphorus
(r=0.551, p<0.001) levels. There was also a significant neg-
ative correlation between 25(0OH)D levels and serum total
ALP (r=-0.669, p<0.001), PTH (r=-0.648, p<0.001), ESR (r=-
0.402, p=0.01), hsCRP (r=-0.502, p<0.001), and TRAb (r=-
0.363, p=0.021) levels. In all patients, including those with
autoimmune thyroid disease and Graves disease, 25(0OH)D
levels also correlated negatively with anti-TPO levels (r=-
0.310, p=0.016).

Discussion

The prevalence of vitamin D deficiency is globally rising,
and it is becoming an important health problem. Many
ecological factors, such as seasonal change, local climate,
characteristics of the atmosphere and altitude, and lifestyle
features including clothing, diet, and exposure to sunlight,
all affect plasma vitamin D levels.!'*1%!

In recent years, it has been shown that vitamin D has not
only effects on calcium, bone, and mineral metabolism but
also on many other organ systems. Vitamin D has been im-
plicated in cardiovascular function and blood pressure, in-
nate and adaptive immunity, insulin secretion, occurrence
of metabolic syndrome and diabetes, muscle function
and strength, production of cancer cells, and counterac-
tion of infectious diseases. Vitamin D deficiency has been
associated with many diseases that have an autoimmune
pathogenesis.'® This relationship between autoimmune
disorders and vitamin D deficiency has led to studies in
autoimmune thyroid disorders, and many researchers have
found associations that might be valuable in shedding
light on the pathogenesis.!'’-2"

In our study, we found that vitamin D levels of patients
with active Graves disease and those with autoimmune
thyroid disease were lower than those of healthy controls.
Also, more patients with Graves disease and autoimmune
thyroid disorders had vitamin D levels below 20 ng/ml and
below 30 ng/ml compared to the healthy group. However,
there was no significant difference between active Graves
disease patients and autoimmune thyroid disease patients
regarding vitamin D levels. This shows that vitamin D may
play a role in the emergence of thyroid autoimmunity.

However, low levels of vitamin D do not seem to be as oper-
ative in the activation of Graves disease, since the achieve-
ment of the euthyroid state does not alter its serum levels.
Besides, it may be the consequence of not testing and re-
placing vitamin D after the onset of autoimmune thyroid
disease as a routine practice. We, like previous studies,
found that vitamin D deficiency might be a risk factor for
autoimmune thyroid disorders. Meanwhile, since no dif-
ference was found between vitamin D levels of the active
Graves group and the autoimmune thyroid group, it may
suggest that vitamin D deficiency generally leads to au-
toimmune pathologies and that its unique role in Graves
pathogenesis is less apparent.

Supporting the role of vitamin D deficiency in the devel-
opment of autoimmune thyroid disease, the induction of
experimental thyroiditis was shown to be prevented by the
administration of active vitamin D." In another study con-
ducted on animals, vitamin D-deficient mice were found
to be more susceptible to resistant hyperthyroidism after
induction with TSH receptor antibody compared to mice
replaced with adequate vitamin D.? In human studies, ab-
normal thyroid function tests and thyroid antibody titers
were found to be more prevalent in patients with deficient
vitamin D levels.”! There are data showing polymorphism
in the VDR gene to play a role in Graves pathogenesis.'®

In a study, vitamin D levels of newly diagnosed Graves dis-
ease patients and patients with Hashimoto thyroiditis and
postpartum thyroiditis, all of which are considered auto-
immune thyroid disorders, were found to be lower than
those of the control group." There are also studies show-
ing no difference in 25(0H)D levels between anti-TPO an-
tibody-positive and negative subjects.”? However, overall
data about thyroid autoimmunity and vitamin D suggest
a link between the two, and our findings support this ev-
idence.

In our study, waist circumference and BMI were lower in
patients with active Graves disease. These findings may be
related to the weight loss experienced by Graves disease
patients during the activation phase of the disease. Also,
serum phosphorus levels were significantly lower in pa-
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tients with Graves disease compared to both the autoim-
mune thyroid disease group and the healthy control group.
Although the reason for this finding is not apparently clear,
it may be related to the phosphaturic effect of PTH increase
secondary to low vitamin D levels or the high rates of bone
turnover seen in hyperthyroid patients.

When patients with vitamin D deficiency (25(0H)D <20
ng/ml) were compared to patients with 25(OH)D levels
>20 ng/ml, serum phosphorus level and urinary calcium
excretion rates were significantly lower, and total alkaline
phosphatase and PTH levels were significantly higher in
patients with deficient vitamin D levels. There was also a
positive correlation between 25(OH)D levels and serum
calcium, phosphate, and urinary calcium excretion, and a
negative correlation between 25(0OH)D levels and total al-
kaline phosphatase and PTH levels. These findings reflect
the secondary effects of vitamin D deficiency.

Another important result obtained from this study was that
the TRAD levels of patients with Graves disease and vitamin
D deficiency were significantly higher compared to those
of Graves disease patients with relatively higher vitamin D
levels. In accordance with these findings, 25(0H)D levels
correlated negatively with TRAb levels and also with in-
flammatory markers hsCRP and ESR. Also, anti-TPO levels
correlated with 25(0OH)D levels in all patients with auto-
immune thyroid disease. This is an important finding that
suggests a role of vitamin D in the emergence of thyroid
antibodies. These findings also indicate that low vitamin D
levels may induce low-grade inflammation seen in autoim-
mune thyroid disorders.

In a study, the adaptive immune response developed by
dendritic cells stimulated by endogenous antigens such
as TSH receptor peptide was shown to have a preventive
role in the pathogenesis of Graves disease.”>?! |L-4 rise
due to an increase in T helper 2 activity is a mechanism ef-
fective in the pathogenesis of Graves disease. However, in
Hashimoto thyroiditis, IFN-y rise due to T helper 1 activity
is observed. Moreover, T helper 17 and IL-17 were shown to
have a role in autoimmune thyroid disorder development.
Vitamin D is closely related to T helper 1, T helper 2, and T
helper 17 levels and IL-4, IFN-y, and IL-17 levels. Therefore,
it is possible that vitamin D deficiency might have a role in
the pathogenesis of autoimmune thyroid disorders, includ-
ing Graves disease.*!

In a previous study, it was shown that vitamin D levels of
TRAb-positive Graves patients were significantly lower
than those of TRAb-negative patients. In that study, no sig-
nificant relation was found between vitamin D levels and
thyroid antibodies anti-TPO and anti-thyroglobulin levels.
231 Unal et al.? showed a negative correlation between vi-

tamin D levels and anti-TPO and anti-thyroglobulin levels in
a study conducted on newly diagnosed autoimmune thy-
roid disease patients, including newly diagnosed Graves
disease patients.

In our study, in patients with Graves disease activation, a
significant negative correlation was found between vita-
min D and TRAD levels. Identification of a negative correla-
tion between vitamin D and TRAb levels may indicate that
vitamin D deficiency has a role in immune activation.

Another interesting finding of our study was that 25(0H)
D levels of Graves disease patients with ophthalmopathy
were significantly lower compared to those without oph-
thalmopathy. To the best of our knowledge, this is the first
study to show the relationship between Graves ophthal-
mopathy, TSH receptor antibodies, and vitamin D deficien-
cy. Main risk factors for ophthalmopathy are suggested to
be smoking, male gender, and exposure to radioiodine in
Graves disease patients. TSH receptor antibody levels are
also valuable in predicting the course of the disease. Our
findings suggest that vitamin D deficiency might be list-
ed among the risk factors for ophthalmopathy. Since our
study includes a small number of Graves disease patients
with ophthalmopathy, larger studies are required to test
our hypothesis.

In a study, Mellenthin et al.?” observed a relationship be-
tween vitamin D levels and inflammatory parameters. Cor-
relation was investigated between vitamin D, hsCRP, fibrin-
ogen, and total leukocyte count. A negative correlation was
observed between vitamin D and hsCRP and fibrinogen. In
our study, ESRand hsCRP levels were higher in patients with
vitamin D levels <20 ng/ml than in patients with vitamin
D levels >20 ng/ml. Moreover, in the active Graves disease
group, there was a negative correlation between vitamin D
and ESR and hsCRP. Also, in our study, patients with vitamin
D deficiency can be considered to have a tendency toward
inflammation. However, there were additional factors that
might have a relationship with inflammatory markers, such
as Graves disease activation and thyroid ophthalmopathy.
For more reliable results, advanced studies are required
that specifically target the relationship between vitamin D
and inflammation.

There are some limitations to our study that should be ac-
knowledged. First, the relatively small number of patients
may limit the generalizability of our findings, and the re-
sults should therefore be interpreted with caution. Never-
theless, the study carries clinical value, as it specifically in-
cluded patients with Graves’ disease during the activation
period and prior to the initiation of any antithyroid medica-
tion, thereby minimizing the potential confounding effects
of treatment on vitamin D status and inflammatory mark-
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ers. In addition, the cross-sectional design of the study
precludes causal inferences; longitudinal studies would be
required to establish a definitive relationship between vita-
min D deficiency and the pathogenesis of Graves’ disease
or ophthalmopathy. Despite these limitations, the results
provide important preliminary insights and may serve as a
basis for future larger-scale, prospective studies.

Conclusion

In conclusion, our study suggests that vitamin D deficiency
is associated with an increased tendency toward systemic
inflammation and may play an important role in the patho-
genesis of Graves’ disease and other autoimmune thyroid
disorders. Furthermore, vitamin D deficiency might also
contribute to the development and severity of Graves’oph-
thalmopathy, as indicated by its correlation with both in-
flammatory markers and higher TRAb levels in affected pa-
tients. These findings highlight the possibility that vitamin
D status could be an important, yet often overlooked, fac-
tor influencing both disease activity and clinical outcomes
in patients with autoimmune thyroid disorders. From a clin-
ical perspective, assessment and correction of vitamin D
deficiency may represent a simple and cost-effective strat-
egy that could potentially improve disease management
and reduce the risk of ophthalmopathy progression. Future
research should further clarify the mechanistic role of vi-
tamin D in thyroid autoimmunity and investigate whether
vitamin D supplementation, either alone or in combination
with standard antithyroid therapy, can provide therapeutic
benefits. Longitudinal and interventional studies are war-
ranted to determine whether maintaining adequate vita-
min D levels could help prevent disease recurrence, mod-
ulate inflammatory activity, and improve quality of life in
patients with Graves' disease.
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The Effect of MCV on Prognosis in Patients with Gastric
Cancer and its Relationship with C-ERBB2 Positivity
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Abstract

Objectives: Many factors considered to influence prognosis in gastric cancers have been investigated. In this study, we
aimed to present the demographic characteristics of gastric cancer patients followed in the medical oncology unit, to
investigate the effects on prognosis of MCV values measured at diagnosis, after surgery, and after chemotherapy, and
to evaluate the effect on prognosis among C-ERB B2-positive patients.

Methods: 248 patients who presented to and were followed by the istanbul Egitim ve Arastirma Hastanesi Medical
Oncology Unit between 2010 and 2015 were examined retrospectively using the hospital automation system and the
oncology unit file archive.

Results: A total of 248 patients diagnosed with gastric cancer (169 male, 79 female) were included. Among 50 stage 4
patients in whom C-ERB B2 was assessed, 8% (n=4) were 2+, 34% (n=17) were 3+, and 58% (n=29) were negative. Overall
survival rates were 62.7% at 1 year, 44.6% at 2 years, 37.7% at 3 years, 30.7% at 4 years, and 28.8% at 5 years. On quantita-
tive analysis of MCV values at diagnosis and after treatment, having MCV > 100 fL at any time point was not statistically
significant in terms of prognosis. Likewise, a post-/pre-treatment MCV ratio >1.1 was not statistically significant. These
parameters were also evaluated in the C-ERB B2-positive population and no significant difference was detected.
Conclusion: Although changes in MCV values did not show a significant effect on prognosis, it was considered that
increasing the patient population might yield statistical significance.
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ancer is the second most common cause of death in  in Diyarbakir and Van. According to hospital registries and

Turkiye after cardiovascular diseases.

Gastric cancer ranks fifth worldwide in cancer incidence
and third among causes of cancer-related mortality. It is
estimated that approximately 9,000 new gastric cancer
cases occur annually in Tirkiye. The incidence is about five
times higher than in European countries and increases to-
ward the eastern provinces, with the highest rates reported

the Ministry of Health Cancer Control Department, gastric
carcinoma is the fifth most common cancer in men and the
sixth in women." The average age at diagnosis in Tirkiye is
64 years, with the youngest reported at 19 and the oldest
at 85.

The male-to-female ratio in gastric cancer is 2:1. The dis-
ease is rare before the age of 40, and its incidence increas-
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es with age, peaking in the sixth decade. Since the 1930s,
the incidence of gastric cancer has declined in the United
States and now ranks around the 15" most common can-
cerB! Although the precise reason is unclear, this decline
has been attributed to planned public health services, ad-
vances in cancer screening, improved diet, reduced smok-
ing, increased vitamin Cintake, and active control of Helico-
bacter pylori infection. Despite this, gastric cancer remains
difficult to treat due to late diagnosis; even patients eligible
for curative surgery with favorable prognostic indicators
are often lost due to recurrence. Nevertheless, the use of
postoperative chemoradiotherapy and preoperative che-
motherapy has improved survival.>#

The anatomic distribution of gastric cancer has shifted over
the years toward the proximal stomach. Over the past two
decades, especially in patients under 40 years of age, there
has been a sharp increase in proximal gastric cancers, from
approximately 10% to 30%. This may reflect differences in
risk factors between proximal and distal gastric cancers.
Despite the decline in the United States, the 5-year survival
rate remains around 10-20%.

While the effects of some factors on prognosis in gas-
tric cancer have been consistently observed, results vary
among studies. Factors studied include gender, age, tumor
location, tumor diameter, macroscopic type, histologic
grade, stage, metastatic lymph node status, tumor markers
(CEA, CA 19-9), preoperative albumin, perioperative hemo-
gram parameters, type of operation, lymph node dissec-
tion (D1, D2), chemotherapy (yes/no), and radiotherapy in
resected gastric cancer.

In this study, we retrospectively evaluated proposed prog-
nostic factors—particularly elevations and changes in
MCV—and investigated their effects on survival.

Methods

This retrospective study was approved by the Bakirkdy
Dr. Sadi Konuk Training and Research Hospital Clinical Re-
search Ethics Committee (approval number: 2016/04-07,
approval date: 25 April 2016). The study was conducted in
accordance with the Declaration of Helsinki.

In our thesis, data for 248 patients who presented with a
diagnosis of gastric cancer to the Department of Medical
Oncology, Health Sciences, Istanbul Training and Research
Hospital Outpatient Clinic between January 2010 and De-
cember 2013 were obtained retrospectively from the on-
cology unit file archive and the hospital automation sys-
tem. Variables potentially associated with survival—age,
gender, type of operation, disease stage (WHO 2010), his-
tologic type, C-ERB B2 status, receipt of systemic adjuvant
therapy, tumor markers such as CA 19-9 and CEA, MCV at

diagnosis, and the ratio of post-treatment MCV to diagnos-
tic MCV—were examined. CEA and CA 19-9 were measured
using the Dxl 800 Access (Beckman Coulter) analyzer, and
hemogram parameters using the Mindray BC-6800 device.
We also evaluated the effects on survival of these prognos-
tic factors within the subgroup in whom C-ERB B2 was test-
ed, comparing C-ERB B2-positive and —negative patients.
At last follow-up, patients were categorized as disease-free,
with disease, or deceased; deaths were verified through
the national death notification system.

Overall survival (OS) was defined as the time from diag-
nosis to death, or to the date patient information was last
updated for those alive. Disease-free survival (DFS) was de-
fined as the time from diagnosis to local recurrence and/or
development of metastasis.

For statistical analysis, SPSS 15.0 for Windows was used.
Descriptive statistics were presented as number and per-
centage for categorical variables, and mean, standard de-
viation, minimum, and maximum for numerical variables.
Comparisons between two independent groups were per-
formed using the Student’s t-test when normal distribution
assumptions were met and the Mann-Whitney U test when
they were not. Ratios of categorical variables between
groups were tested with the chi-square test; when assump-
tions were not met, the Monte Carlo simulation method
was applied. Survival analyses were performed using the
Kaplan—-Meier method. A statistical alpha significance level
of p<0.05 was accepted.

Results

General Patient Characteristics

A total of 248 patients diagnosed with gastric cancer
were included: 169 male and 79 female, with a mean age
of 57.7£10.8 (range 28-80) years. According to TNM stag-
ing, 5.7% (n=14) were stage 1a, 3.6% (n=9) stage 1b, 8.5%
(n=21) stage 2a, 9.7% (n=24) stage 2b, 10.1% (n=25) stage
33, 9.7% (n=24) stage 3b, 15.8% (n=39) stage 3¢, and 36.8%
(n=91) stage 4. By histologic subtype, 71.9% (n=161) were
adenocarcinoma, 3.1% (n=7) GIST, 4% (n=9) neuroendo-
crine tumor, and 21% (n=47) signet-ring cell carcinoma. Of
248 patients, 36.3% (n=90) were inoperable, 48.4% (n=120)
underwent total gastrectomy, 14.5% (n=36) subtotal gas-
trectomy, and 0.4% distal esophagectomy with proximal
gastrectomy.

Chemotherapy was administered to 75.8% (n=188). Reg-
imens included MAYO (fluorouracil, folinic acid) in 78 pa-
tients (41.5%), DCF (docetaxel, cisplatin, fluorouracil) in
58 (30.9%), ECF (epirubicin, cisplatin, fluorouracil) in 35
(18.6%), cisplatin-capecitabine in 6 (3.2%), and other pro-
tocols (cisplatin-etoposide, DC) in 4 (3.3%). The duration of
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chemotherapy varied between 1 and 6 months depending
on tolerability and survival (Table 1).

Tumor Location

Tumor localization could be evaluated in 55% (n=135) of
patients: antrum 51.9% (n=70), pylorus 5.9% (n==8), lesser
curvature 7.4% (n=10), greater curvature 3% (n=4), corpus
5.2% (n=7), fundus 5.9% (n=8), cardia 16.3% (n=22), gas-

Table 1. Demographic and clinical characteristics

Variable Mean * SD (Min-Max) / n (%)
Age 57.7+10.8 (28-80)
Sex
Male 169 (68.1)
Female 79 (31.9)
Stage (new staging system)
IA 14 (5.7)
IB 9(3.6)
A 21 (8.5)
IIB 24(9.7)
A 25(10.1)
1B 24(9.7)
|[@ 39(15.8)
% 91 (36.8)
Operability / Surgical type
Inoperable 90 (36.3)
Total gastrectomy 120 (48.4)
Subtotal gastrectomy 36 (14.5)
Distal esophagectomy + 1(0.4)
proximal gastrectomy
Histologic subtype
Adenocarcinoma 161 (71.9)
GIST 7 (3.1)
Neuroendocrine tumor 9 (4.0)
Signet-ring cell adenocarcinoma 47 (21.0)
Chemotherapy administered 188 (75.8)
Chemotherapy regimen
Cisplatin—Etoposide 4(2.1)
Cisplatin—Capecitabine 6(3.2)
DCF (Docetaxel-Cisplatin-5FU) 58 (30.9)
Supportive 5(2.7)
ECF (Epirubicin-Cisplatin-5FU) 35(18.6)
FUF(A) (5FU-Leucovorin) 78 (41.5)
Herceptin—Cisplatin 1(0.5)
Imatinib 1(0.5)

troesophageal junction 2.2% (n=3), diffuse/entire stomach
4.4% (n=6), posterior wall 0.7% (n=1).

C-ERBB2 / FISH

C-ERBB2 IHC staining was performed in 50 patients: 34%
(n=17) were 3+, 8% (n=4) were 2+, and 58% (n=29) were
negative. FISH was performed in 43 of these patients:
37.2% (n=16) were positive and 62.8% (n=27) negative.
FISH was not performed in 4 C-ERB B2-negative patients,
1 patient with C-ERB B2 2(+), and 2 patients with C-ERB B2
3(+4). All patients with C-ERB B2 3(+) who underwent FISH
were FISH-positive; among the four C-ERB B2 2(+) patients,
one was FISH(+), two FISH(-), and one not tested by FISH.

Tumor Markers

CEA was measured in 174 patients. Mean CEA was
26.3+124.2 (0-1083); 23.6% (n=41) had CEA > 5 and 76.4%
(n=133) <5.CA 19-9was 890.1+7883.2 (0.6-102,255); 27.6%
(n=48) had CA 19-9 > 37 and 72.4% (n=126) <37 (Table 2).

MCV Values

At diagnosis, the mean MCV was 82.1+10.0 fL (20.9-105.3);
97.9% (n=233) had MCV<99 and 2.1% (n=>5) had MCV>99.
After treatment, the mean MCV was 89.8+9.4 fL (55.1-
113.8); 87.5% (n=189) had MCV<99 and 12.5% (n=27) had
MCV >99. A 10% increase in MCV after treatment (post/di-
agnosis ratio >1.1) was evaluated as a separate parameter
for its potential prognostic value: 60.2% (n=127) had such
an increase, while 39.8% (n=84) did not (Table 3).

Patient Status and Survival Rates

Final status was available for all 248 patients: 39.5% (n=98)
disease-free, 2.5% (n=6) with disease, and 58% (n=144) de-
ceased.

Overall survival rates were 62.7% at 1 year, 44.6% at 2 years,
37.7% at 3 years, 30.7% at 4 years, and 28.8% at 5 years.

Median estimated survival was 20.3 months (SE 3.0; 95% ClI
14.5-26.2) (Table 4a, b).

Table 2. CEA and CA 19-9 levels

Variable Mean £ SD (Min-Max)/n (%)

CEA (Mean + SD, Min-Max) 26.3+124.2 (0-1083)

CEA n (%)
>5 41 (23.6)
<5 133 (76.4)

CA 19-9 (Mean + SD, Min—Max)
CA 19-9 n (%)

>37

<37

890.1+7883.2 (0.6-102255)

48 (27.6)
126 (72.4)
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Table 3. MCV values at diagnosis and after treatment

Variable Mean £ SD (Min-Max) / n (%)

MCV at diagnosis
(Mean = SD, Min—-Max)

MCV at Diagnosis n (%)

82.1+10.0 (20.9-105.3)

<99 233 (97.9)
>99 5(2.1)
MCV After treatment 89.84+9.4 (55.1-113.8)

(Mean + SD, Min—Max)
MCV after treatment n (%)

<99 189 (87.5)
>99 27 (12.5)
Post/Diagnosis MCV ratio

(Mean =+ SD, Min—-Max)

Post/Diagnosis MCV ratio n (%)
<1.1 127 (60.2)
>1.1 84 (39.8)

Table 4a. Survival outcomes

Variable Median SE 95% Cl

Estimated survival time 20.3 3.0 14.5-26.2

(months)

Table 4b. Cumulative survival rates

Time Survival (%)
6 months 79.2

1 year 62.7

2 years 44.6

3 years 37.7

5 years 30.7

6 years 28.8
Survival by Stage

Among patients alive at last follow-up, stage distribution was:
1a 13.5% (n=14), 1b 6.7% (n=7), 2a 11.5% (n=12), 2b 11.5%
(n=12),3a 12.5% (n=13), 3b 8.7% (n=9), 3¢ 19.2% (n=20), and
416.3% (n=17). Among the deceased: 1a 0%, 1b 1.4% (n=2),
2a 6.3% (n=9), 2b 8.4% (n=12), 3a 8.4% (n=12), 3b 10.5%
(n=15), 3¢ 13.3% (n=19), and 4 51.7% (n=74). Stage distribu-
tions differed significantly between groups (p<0.001).

Other Survival Comparisons

Survival differed significantly by histologic subtype (ade-
nocarcinoma, GIST, signet-ring cell carcinoma, neuroen-
docrine tumor) (p<0.001). Survival differed significantly by
tumor stage (Fig. 1).

By operability, subtotal gastrectomy was associated with
significantly different survival (p<0.001 across groups). Re-
ceipt of chemotherapy was also associated with survival
(p=0.019).

By C-ERB B2 status, among 21 positive patients 42.8% (n=9)
were alive and 57.2% (n=12) deceased; among 29 negative
patients 44.8% (n=13) were alive and 55.2% (n=16) de-
ceased—no significant difference (p=0.890).

For CEA, among 174 tested patients, 76 were alive; of these,
13.2% (n=10) had high CEA and 86.8% (n=66) low CEA.
Among 98 deceased patients, 31.6% (n=31) had high CEA
and 68.4% (n=67) low CEA; elevated CEA indicated higher
mortality (p<0.004).

For CA 19-9, among 174 tested patients, 76 were alive; of
these, 14.5% (n=11) had high CA 19-9 and 85.5% (n=65)
low. Among 98 deceased patients, 37.8% (n=37) had high
CA 19-9 and 62.2% (n=61) low; elevated CA 19-9 indicated
higher mortality (p<0.001) (Table 5a,b).

No significant associations with mortality were found for
diagnostic MCV, post-treatment MCV, or a post/diagnosis
MCV ratio >1.1 (Table 6).

In the subgroup with C-ERB B2 testing, overall survival did
not differ by C-ERB B2 status (p=0.859) (Fig. 2).

Among patients with C-ERB B2 testing, no significant differ-
ences in survival were observed according to post/diagno-
sis MCV increase (10%) within C-ERB B2-positive or -neg-
ative groups.

1,09

Stage
-ri
1
I 2a
I 12b

3a
I3
d 13e
o Pt
+ la-censored
+ 1b-censored
# “a-censored
# b-censored

Overall survival

3a-censored
+ 3b-censored

3c-censored
+ 4-censored

Follow-up

Figure 1. Overall survival by stage.



EJMA

13

Table 5a. Survival analysis by CEA and CA 19-9 levels

Alive (Mean = Exitus (Mean

Bl SDorn (%)) +SDorn (%)) P
CEA 36+8.1 43941635 0.006
(Mean + SD)

>5 10(13.2) 31(31.6) 0.004
<5 66 (86.8) 67 (68.4)

Table 5b. CA 19-9 levels and survival

Alive (Mean = Exitus (Mean +

VLR SD or n (%)) SD or n (%)) P
CA19-9(Mean+SD)  45.7+133.7 1544.8+10480.0 0.001
>37 11 (14.5) 37 (37.8) 0.001
<37 65 (85.5) 61(62.2)

Table 6. Survival analysis by MCV levels at diagnosis, after
treatment, and post/diagnosis ratio

Alive (Mean = Exitus (Mean *

HER LD SD or n (%)) SD or n (%))
MCV at Diagnosis 82.6+8.7 81.7+10.9 0.770
(Mean + SD)
<99 100 (98.0) 133 (97.8) 1.000
>99 2 (2.0) 3(2.2)
MCV After Chemother- 90.8+8.5 89.2+10.0 0.208
apy (Mean + SD)
<99 76 (86.4) 113 (88.3) 0.675
>99 12 (13.6) 15(11.7)
Post/Diagnosis MCV 1.11+0.12 1.12+0.26 0.359
ratio (Mean £ SD)
<1.1 49 (56.3) 78 (62.9) 0.336
>1.1 38 (43.7) 46 (37.1)
Discussion

Although the incidence of gastric cancer continues to decline
today, it remains the third leading cause of cancer-related
death worldwide. The disease is often detected at advanced
stages due to late symptoms and diagnosis, minimizing the
chance for curative surgery. In countries with high incidence
such as Japan, screening programs have increased early-stage
detection and improved curative treatment success.

Gastric cancer occurs more frequently in men than in wom-
en worldwide—fifth most common in men and sixth in
women—and ranks third among cancer-related deaths. In
our cohort, 31.9% were women and 68.1% men, consistent
with the literature. The average age for gastric cancer in
Turkiye is 56; its frequency increases after age 60. Our pa-
tients'mean age was 57.7+£10.8.8

By tumor site, 51.9% were antral, 5.9% pyloric, 7.4% lesser
curvature, 3% greater curvature, 5.2% corpus, 5.9% fun-
dus, 16.3% cardia, 2.2% gastroesophageal junction, 4.4%
diffuse, and 0.7% posterior wall. Histologically, 71.9%
were adenocarcinoma, 3.1% GIST, 4% neuroendocrine
tumor, and 21% signet-ring cell carcinoma. TNM distri-
bution was: stage 1a 5.7%, 1b 3.6%, 2a 8.5%, 2b 9.7%, 3a
10.1%, 3b 9.7%, 3c 15.8%, and 4 36.8%. Compared with
the literature (Table 4), proportions up to stage 3B were
almost identical; our stage 3C was slightly higher and
stage 4 slightly lower.

Despite short survival, many prognostic factors relate
to outcomes after treatment in gastric cancer. The most
important are stage and lymph node metastasis; others
include gender, age, tumor location and size, histologic
grade, perineural invasion, vascular invasion, intestinal
metaplasia, preoperative tumor markers (CEA, CA 19-9),
preoperative albumin, received treatments, and hemo-
gram parameters. Knowing prognosis after treatment is
important not only for postoperative survival assessment
but also for determining whether closer follow-up and ear-
lier treatment at recurrence are warranted.

Links between immune system-cancer progression and
hematologic parameters—leukocyte and platelet counts,
MPV, and MCV—have been studied, demonstrating prog-
nostic importance.”"" The neutrophil-to-lymphocyte ratio
(NLR) has been shown as a marker of systemic inflammato-
ry response; similarly, the preoperative platelet-to-lympho-
cyte ratio is an important prognostic factor in pancreatic

107 c—erbb2

-t Tneg
I TV poz3

+ neg-censored
0,8+ + poz3-censored

Overall survival

0,0

T T T T T T
0 10 20 30 40 50

Follow-up (months)

Figure 2. Overall survival by C-ERBB2 status.
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cancer."”?NLR and thrombocytosis have also been reported
as prognostic factors in cancer patients.!'>'¥

High MCV levels occur in alcohol users and in folate or vita-
min B12 deficiency. Elevated MCV is more common among
alcohol consumers with inactive aldehyde dehydrogenase-2
deficiency; alcohol use predisposes to esophageal squamous
cell carcinoma. In May 2013, Yu-Zhen Zhang et al. hypothe-
sized a link between esophageal squamous cell carcinoma
and high MCV, evaluated preoperative MCV in 298 patients
via ROC analysis (cut-off 95.6 fL), and concluded that high-
er preoperative MCV correlated with worse overall survival.
Another reason to suspect an association between MCV and
prognosis is that macrocytosis may indicate malnutrition, a
negative prognostic factor. In gastric cancer, dysphagia may
reduce oral intake and lower electrolyte, glucose, and amino
acid concentrations, reducing the crystalloid osmotic pres-
sure—the major regulator of erythrocyte volume—and thus
causing erythrocyte enlargement.!'”

Jung et al.l' evaluated MCV in “Changes in the mean cor-
puscular volume after capecitabine treatment are associat-
ed with clinical response and survival in patients with ad-
vanced gastric cancer. Capecitabine is known to increase
MCV. Eighty-nine patients receiving first-line capecit-
abine+cisplatin (xepirubicin) had MCV measured on day 1
and week 3; an increase >10 fL was defined as macrocyto-
sis. Day-1 macrocytosis was present in ~90% and week-3
macrocytosis in 42%. The study assessed the relationship
between macrocytosis and response; patients received
chemotherapy every 3 weeks absent toxicity or progres-
sion, and were evaluated by abdominopelvic CT or base-
line imaging after two cycles. Analyses considered age, sex,
ECOG, treatment arm (tepirubicin), peritoneal dissemina-
tion, baseline hemoglobin, number of cycles, and cumula-
tive capecitabine dose. Macrocytosis was associated with
greater treatment efficacy and favorable overall and pro-
gression-free survival.

Based on these data, we investigated whether elevat-
ed MCV at diagnosis is a negative prognostic factor and
whether post-chemotherapy MCV elevation might be a
positive prognostic factor. We also evaluated general de-
mographics such as age, sex, stage, tumor site, CA 19-9,
CEA, and C-ERBB2 positivity.

Our survival rates were 62.7% at 1 year, 44.6% at 2 years,
37.7% at 3 years, 30.7% at 4 years, and 28.8% at 5 years.
By stage, survival was significantly higher in stages 1a
(p<0.001) and 1b, and—as expected—declined with in-
creasing stage thereafter. Another survival marker was el-
evated CA 19-9: among 174 tested patients, 14.5% of sur-
vivors had high CA 19-9 versus 37.8% of deceased patients
(p<0.001). No significant associations with mortality were

observed for diagnostic MCV, post-treatment MCV, or a
post/diagnosis MCV ratio >1.1.

At diagnosis, only five patients had MCV above our labora-
tory cut-off of 99 fL; the remaining 243 were below 99 fL,
suggesting that a ROC-based cut-off might be explored in
a future analysis. Among 248 patients with diagnostic MCV,
post-treatment MCV was available for 211; 84 (39.8%) had
a =210% increase (post/diagnosis >1.1) and 127 (60.2%) did
not. A 10% increase in MCV was not associated with mor-
tality (Table 6).

We also examined the frequency of C-ERB B2 positivity
and its relationship with MCV. In Western countries, be-
cause many gastric cancer patients are diagnosed at un-
resectable stages, systemic chemotherapy is the mainstay
to improve survival and quality of life. Objective response
with combination regimens can reach 30-60%. Platinum
agents, fluoropyrimidines, anthracyclines, taxanes, and
irinotecan are used for this purpose. Although many reg-
imens have been tested in randomized trials, a standard
protocol has not been agreed upon. Given the poor sur-
vival despite chemotherapy, new treatments are being
sought. Understanding molecular alterations has enabled
targeted therapies aimed at improving survival. HER-2, a
transmembrane tyrosine kinase receptor of the EGFR fam-
ily encoded on chromosome 17qg21, activates signaling
that influences proliferation, apoptosis, adhesion, migra-
tion, and differentiation. Acting as an oncogene, high-level
amplification leads to protein overexpression, conferring a
survival advantage to malignant cells. HER-2 is positive in
10-34% of invasive breast cancers and is associated with
poor prognosis and inferior response to chemotherapy and
endocrine therapy. HER-2 overexpression has also been ob-
served in colon, bladder, ovary, endometrium, lung, cervix,
head-neck, esophagus, and gastric cancers. Trastuzumab, a
monoclonal antibody binding the extracellular domain of
HER-2, improves survival in HER-2—positive breast cancer.

TNM classification is the most important prognostic factor
in gastric cancer; however, because prognosis varies among
patients with the same stage, additional parameters are
needed to delineate biological subgroups. HER-2 overex-
pression in gastric cancer was first described immunohisto-
chemically in 1986; in 1990, series reported HER-2 positivity
rates of 9-38%. More recent studies, using IHC (HercepTest)
and FISH ampilification, reported similar frequencies. In our
study, C-ERB B2 IHC was performed in 50 patients: 34% 3+,
8% 2+, and 58% negative; FISH was performed in 43, with
37.2% positive. These data indicate a higher frequency of
HER-2 expression in our population.

The prognostic significance of HER-2 in gastric and gastro-
esophageal junction cancers is controversial. Early studies
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found no association with prognosis.'”'® Some authors
proposed HER-2 expression as a direct adverse prognos-
tic factor; a retrospective study of 108 patients associated
HER-2 with poor 10-year survival." Nakajima et al.?” re-
ported HER-2 expression as the worst prognostic variable
after nodal status. In ToGA, HER-2—positive patients were
randomized to chemotherapy (capecitabine+cisplatin or
fluorouracil+cisplatin) vs chemotherapy-+trastuzumab: OS
was 13.8 months with trastuzumab vs 11.1 months with
chemotherapy alone.[21] The Lancet discussion noted the
11.1-month OS in the chemo-only arm was longer than ex-
pected; although other studies linked HER-2 with aggres-
sive disease, TOGA suggested HER-2 expression might not
indicate poor prognosis—warranting further investigation.
Jorgensen and colleagues performed a 2012 systemat-
ic analysis of studies from 1986 to August 2011 assessing
HER-2 expression and survival (overall, disease-free, or
stage) in cohorts with =100 patients and IHC/FISH data.”?
Among 12,749 patients, most articles (71%) indicated that
HER-2 positivity correlated with survival; while not as defin-
itive as in breast cancer, HER-2 overexpression appeared to
be a negative prognostic factor.

Conclusion

In our study, among 50 patients tested for C-ERB B2, 18
were positive and 32 negative. C-ERB B2 positivity had nei-
ther a favorable nor unfavorable effect on overall survival
(Table 5). We also examined whether post-treatment MCV
increase influenced prognosis within the C-ERB B2-positive
subgroup; no significant differences in survival rate or time
were detected between C-ERB B2-positive and —negative
groups according to MCV increase (Table 6).

Limitations of our study include its retrospective design; vari-
ability in surgical and chemotherapy standards because some
patients presented from other centers; incomplete follow-up
related to economic constraints; and lack of systematic assess-
ment of BMI, nutritional status, and hypovitaminoses (B1, B6,
B12). Expanding the patient population and conducting pro-
spective follow-up may yield more robust conclusions.
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Prognostic Importance of Neutrophil to Lymphocyte and
Platelet to Lymphocyte Ratios in Multiple Myeloma Patients
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Abstract

Objectives: To evaluate the prognostic significance of baseline neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) in newly diagnosed multiple myeloma (MM).

Methods: We retrospectively analyzed 327 MM patients (2012-2018) from a single tertiary center. Baseline clinical, he-
matologic, and biochemical data were collected. NLR and PLR were calculated. OS was estimated via Kaplan-Meier and
Cox regression. ROC analysis determined an NLR cutoff.

Results: Median OS was 46.1 months; 1-, 2-, and 5-year OS rates were 77.4%, 64.5%, and 44.0%, respectively. Each one-
unit increase in NLR raised the risk of death by 9.3% (HR 1.093; p=0.015). NLR correlated with poorer OS in ISS stage II,
hemoglobin <10 g/dL, >40% bone marrow plasma cell infiltration, and calcium =11 mg/dL. PLR showed no association
with OS (p=0.957). ROC analysis identified an NLR cutoff of 1.7 (AUC 0.584).

Conclusion: Higher baseline NLR is associated with worse survival and adverse MM features but is insufficient as a
standalone marker alongside ISS/R-ISS. PLR lacks prognostic value.

Keywords: Multiple myeloma, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, prognosis
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patient performance status, cytogenetic risk, serum lac-
tate dehydrogenase (LDH) level, bone marrow plasma cell
proliferation, and plasma cell leukemia. Advanced age, In-
ternational Staging System (ISS) stage, C-reactive protein,
serum creatinine, platelet count, and immunophenotypic
plasma cell markers have also been associated with out-
comes. Bone marrow biopsy, cytogenetic analysis, and

Multiple myeloma (MM) is a malignant plasma cell dis-
order that accounts for about 1-2% of all cancers and

approximately 10-15% of hematologic malignancies.!
The annual incidence in the United States is around 4-5
per 100,000 persons.” Almost all cases of MM are preceded
by a premalignant clonal plasma cell disorder, monoclonal

gammopathy of undetermined significance (MGUS)."!

Several clinical and biological factors have been identified
as important prognostic markers in MM. These include

fluorescence in situ hybridization (FISH) are integral to
staging but are invasive and/or costly. Therefore, there is
ongoing interest in simple, inexpensive, and non-invasive
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laboratory markers that could complement existing prog-
nostic systems.™

The neutrophil-to-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR), derived from routine com-
plete blood counts, have been proposed as markers of sys-
temic inflammation and host immune status. Elevated NLR
and PLR have been associated with poor outcomes in sev-
eral solid tumors and some hematologic malignancies. In
MM, data are more limited, and reported cutoff values vary.

In this retrospective study, we aimed to evaluate whether
NLR and PLR at diagnosis are associated with overall sur-
vival in MM, to explore their relationships with established
clinical and laboratory parameters, and to determine
whether a clinically useful cutoff value for NLR could be
identified.

In routine clinical practice, inexpensive markers derived
from complete blood counts are appealing because they
are universally available, rapidly reported, and do not re-
quire additional sampling. However, their interpretation in
multiple myeloma is challenging due to frequent baseline
cytopenias, renal dysfunction, and heterogeneity in disease
burden at presentation. Therefore, evaluating NLR and PLR
in a real-world cohort treated across an evolving therapeu-
tic era may help clarify whether these indices provide clin-
ically actionable information beyond established staging
systems and readily available laboratory parameters.

Methods

Study Population and Inclusion Criteria

This retrospective study included patients diagnosed with
MM between January 2012 and September 2018, accord-
ing to IMWG criteria. Patients were required to have been
diagnosed, treated, and followed at our center, with avail-
able baseline clinical and laboratory data.

Exclusion criteria at the time of diagnosis were acute in-
fection, human immunodeficiency virus infection, chron-
ic liver disease, collagen vascular disease, any previous or
concomitant malignant neoplasm, primary or secondary
thrombocytopenia, and chronic use of anti-inflammatory
drugs. Because inflammatory indices can be influenced by
non-myeloma conditions, we applied prespecified exclu-
sion criteria to reduce confounding from acute infection,
chronic inflammatory disease, and concomitant malignan-
cy. Nevertheless, residual confounding is possible in retro-
spective datasets, particularly related to unmeasured co-
morbidities, corticosteroid exposure around diagnosis, and
differences in supportive care. These considerations were
taken into account when interpreting effect sizes and the
clinical utility of the identified cutoff. Both deceased and

surviving patients who met these criteria were included,
resulting in a final cohort of 327 patients.

Our center is a tertiary university hospital that provides
diagnostic workup, first-line therapy, and longitudinal fol-
low-up for patients with plasma cell dyscrasias. Follow-up
information was obtained from outpatient visit records,
inpatient charts, and the hospital information system. Vital
status and date of last contact were verified through the
hospital registry, national death registry, and phone con-
tact, when applicable, to minimize outcome misclassifica-
tion.

Clinical and Laboratory Data

Demographic and clinical variables collected from hospital
records included age at diagnosis, sex, vital status at last
follow-up, follow-up duration, performance status accord-
ing to the Eastern Cooperative Oncology Group (ECOG)
scale, ISS stage, percentage of bone marrow plasma cell
infiltration, treatment type (conventional chemotherapy
vs. regimens containing immunomodulatory drugs and/
or proteasome inhibitors), and autologous stem cell trans-
plantation (ASCT) status.

Baseline hematologic parameters were defined as values
obtained at the time of diagnostic evaluation and prior to
initiation of anti-myeloma therapy. When multiple mea-
surements were available within the diagnostic window,
the sample closest to the date of diagnosis was selected.
This approach aimed to capture the patient’s inflammatory
and immune status at presentation and to reduce variabil-
ity introduced by supportive treatments or early therapeu-
tic intervention.

Baseline laboratory parameters at diagnosis included he-
moglobin (Hb), mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHCQ), red cell distribution width (RDW),
white blood cell (WBC) count, absolute neutrophil count,
absolute lymphocyte count, platelet count, blood urea nitro-
gen (BUN), serum creatinine, estimated glomerular filtration
rate (eGFR; calculated using the Modification of Diet in Renal
Disease formula), serum calcium, albumin, albumin/globu-
lin ratio, total protein, LDH, and (32 microglobulin. NLR was
calculated by dividing the absolute neutrophil count by the
absolute lymphocyte count, and PLR by dividing the platelet
count by the absolute lymphocyte count.

Overall survival (OS) was defined as the time from the date
of diagnosis to death from any cause or last follow-up for
censored patients.

Statistical Analysis

Receiver operating characteristic (ROC) analysis was per-
formed on continuous variables to determine cutoff points.
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ROC curves were examined for the relationship between
baseline NLR and PLR and survival outcomes. The optimal
cutoff was defined as the value providing the best combi-
nation of sensitivity and specificity for OS.

The Shapiro-Wilk test was used to assess the normality of
continuous variables. Non-normally distributed variables
were compared between two groups using the Mann-
Whitney U test. Spearman rank correlation analysis was
used to assess relationships between continuous variables.

Survival probabilities were estimated using the Kaplan-
Meier method, and hazard ratios (HRs) were calculated by
univariable Cox proportional hazards regression. A p val-
ue <0.05 was considered statistically significant. Statistical
analyses were performed using SPSS for Windows, version
22.0 (IBM Corp., Armonk, NY, USA).

Missing data were handled using a complete-case ap-
proach for each analysis; the number of patients included
in each model is reported where relevant. Given the retro-
spective design and the long study period, some laborato-
ry variables were not available for all patients. No imputa-
tion was performed, and results should be interpreted with

the awareness that missingness may not be completely at
random.

Results

Baseline Characteristics

A total of 327 MM patients fulfilling the inclusion criteria
were analyzed. Baseline characteristics and main treatment
details are presented in Table 1.

The mean age at diagnosis was 60.04+11.03 years (range
29-85), and 54.7% of the patients were male. The mean
follow-up duration was 32.80+25.04 months. At the time
of analysis, 49.2% of the patients were alive. The estimated
median OS was 46.06+6.85 months. The 1-, 2-, and 5-year
OS rates were 77.4%, 64.5%, and 44.0%, respectively.

The mean hemoglobin level was 10.41+1.99 g/dL. The
mean absolute neutrophil and lymphocyte counts were
4,460.6+2,049.9/uL and 2,159.6+1,069.2/pL, respectively,
and the mean platelet count was 236,960+101,749/uL. The
mean NLR was 2.49+1.78 (range 0.30-13.61), and the mean
PLR was 132.30+86.07 (range 10.09-735.00).

Table 1. Baseline characteristics and main treatment details of the patients (n=327)

Variable Minimum Maximum Mean Standard deviation
Age at diagnosis (years) 29 85 60.04 11.03
Followup period (months) 1 80 32.80 25.04
Hemoglobin (g/dL) 53 16.5 10.41 1.99
MCV (um?) 61.8 109.3 90.11 7.23
MCH (pg/cell) 19.5 37.7 30.03 2.83
MCHC (g/L) 27.2 36.8 33.26 1.29
RDW (%) 11.5 30.8 16.49 2.87
Neutrophil count (L) 1,000 13,130 4,460.60 2,049.88
Lymphocyte count (L) 380 10,670 2,159.60 1,069.21
Platelet count (uL) 28,000 580,000 236,960.20 101,749.22
N/L ratio 0.30 13.61 2.49 1.78
P/L ratio 10.09 735.00 132.30 86.07
eGFR (mL/min/1.73 m?) 2.60 160.00 68.24 35.64
Creatinine (mg/dL) 0.37 19.48 1.65 1.81
Albumin (g/dL) 1.60 5.12 348 0.69
Total protein (g/dL) 3.89 20.20 9.26 2.39
Albumin/globulin ratio 0.09 5.85 0.83 0.62
Calcium (mg/dL) 3.22 17.70 9.78 1.61
B2microglobulin (mg/L) 1.71 49.97 8.73 8.52
LDH (U/L) 81.00 824.00 221.96 101.25

MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; RDW: Red cell distribution width; N/L: Neu-
trophiltolymphocyte; P/L: Platelettolymphocyte; eGFR: Estimated glomerular filtration rate; LDH: Lactate dehydrogenase.
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The mean eGFR was 68.24+35.64 mL/min/1.73 m? mean
serum creatinine was 1.65+1.81 mg/dL; albumin was
3.48+0.69 g/dL; total protein was 9.26+2.39 g/dL; albumin/
globulin ratio was 0.83+0.62; calcium was 9.78+1.61 mg/
dL; B2 microglobulin was 8.73+8.52 mg/L; and LDH was
221.96+101.25 U/L.

The most common myeloma subtypes were IgG kappa
(50.5%) and IgG lambda (30.0%), followed by IgA kappa
(11.9%). ECOG performance status was 0-1 in 57.5% and
2-4in 42.5% of patients. ISS stage |, Il, and Ill were present
in 19.6%, 28.1%, and 52.3% of cases, respectively. Overall,
82.6% of patients received regimens including immuno-

Table 2. ECOG performance status, ISS stage, plasma cell subtype,
treatment and autologous stem cell transplantation status (n=327)

Variable n %

ECOG performance status

0-1 188 57.5

2-4 139 42.5
ISS stage

Stage | 64 19.6

Stagelll 92 28.1

Stage lll 171 523
Plasma cell subtype

IgA kappa 39 11.9

IgA lambda 20 6.1

IgM kappa 1 0.3

IgM lambda 0 0.0

lgG kappa 165 50.5

IgG lambda 98 30.0

Nonsecretory 4 1.2
Treatment regimen

Conventional chemotherapy 57 17.4

IMiD and/or proteasome inhibitorbased 270 82.6
Autologous stem cell transplantation

Yes 76 23.2

No 251 76.8

ECOG: Eastern Cooperative Oncology Group; ISS: International Staging System;
ImiD: Immunomodulatory drug.

modulatory drugs and/or proteasome inhibitors, while
17.4% received conventional chemotherapy alone. ASCT
was performed in 23.2% of patients (Table 2).

Association of NLR and PLR with survival

In univariable Cox regression analysis, each one-unit in-
crease in NLR increased the risk of death by 9.3% (HR 1.093;
95% Cl 1.018-1.173; p=0.015) (Table 3). Changes in PLR had
no significant effect on the relative risk of death (HR 1.000;
95% Cl 0.998-1.002; p=0.957). Since PLR showed no prog-
nostic significance, further correlation and survival analy-
ses focused on NLR.

Subgroup analyses and correlations

In patients younger than 65 years, a significant correlation
was observed between increasing NLR and mortality; each
unit increase in NLR predicted a 12.9% increase in the risk
of death (HR 1.129; 95% ClI 1.016-1.255; p=0.024). In pa-
tients with hemoglobin <10 g/dL, each unit increase in NLR
predicted a 24.3% increase in mortality (HR 1.243; 95% Cl
1.074-1.440; p=0.004).

Regression analysis examining the impact of bone marrow
plasma cell infiltration on mortality identified 40% as the
optimal cutoff. In patients with bone marrow infiltration
>40%, each unitincrease in NLR predicted a 16.6% increase
in the risk of death (HR 1.166; 95% Cl 1.071-1.270; p<0.001),
whereas no significant association was found in those with
<40% infiltration (p=0.728).

NLR showed a very weak but significant positive correlation
with serum creatinine (r=0.142; p=0.010) and LDH (r=0.139;
p=0.012), whereas no significant correlations were found
with eGFR (p=0.072) or 2 microglobulin (p=0.283).

When ISS stage and NLR were evaluated together, a signif-
icant association was observed only in ISS stage Il. In this
group, each unitincrease in NLR predicted a 43.1% increase
in the risk of death (HR 1.431;95% Cl 1.145-1.788; p=0.002);
no significant association was detected in ISS | or Ill.

In patients treated with regimens containing immuno-
modulatory drugs and proteasome inhibitors, each unit
increase in NLR predicted an 8.2% increase in mortality (HR
1.082; 95% Cl 1.003-1.166; p=0.040), whereas no signif-
icant association was observed in the group treated with
conventional chemotherapy alone (p=0.147). In patients

Table 3. Effect of neutrophiltolymphocyte (N/L) and platelettolymphocyte (P/L) ratios on risk of death (Cox regression analysis)

Variable Coefficient (B) Standarderror Waldx> df pvalue Hazardratio(HR) 95% Clfor HR (lower-upper)
N/L ratio 0.088 0.036 5.973 0.015 1.093 1.018-1.173
P/L ratio 0.000 0.001 0.003 0.957 1.000 0.998-1.002

N/L: Neutrophiltolymphocyte; P/L: Platelettolymphocyte; Cl: Confidence interval; df: Degrees of freedom.
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Figure 1. ROC curve of baseline neutrophiltolymphocyte ratio for
predicting overall survival The optimal cutoff was N/L=1.7 (AUC 0.584;
sensitivity 69.3%; specificity 46.0%).

with baseline calcium =11 mg/dL, each unitincrease in NLR
predicted a 30.4% increase in mortality (HR 1.304; 95% Cl
1.042-1.632; p=0.040).

ROC analysis and NLR cutoff

ROC curve analysis was performed to determine an optimal
cutoff for NLR in predicting OS (Fig. 1). Since PLR was not
associated with survival, no cutoff for PLR was determined.
The optimum cutoff for NLR, defined as the value providing
the highest combined sensitivity and specificity, was 1.7.
The AUC was 0.584 (95% Cl 0.528-0.638; p=0.0078). At this
threshold, sensitivity was approximately 69.3% and spec-
ificity 46.0% (95% Cl 38.1-54.0). Thus, an NLR of 1.7 at di-
agnosis provides only weak clinical prediction for survival.

Discussion

In this retrospective study of 327 patients with multiple
myeloma (MM), we investigated the prognostic signifi-
cance of the neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) measured at diagnosis.
The mean age at diagnosis was 60.04+11.03 years, and the
mean follow-up duration was 32.80+25.04 months. The
median overall survival (OS) was 46.06+6.85 months, with
1-,2-,and 5-year OS probabilities of 77.4%, 64.5%, and 44%,
respectively. At baseline, the mean NLR was 2.49+1.78, and
the mean PLR was 132.30+86.07, indicating a wide distri-
bution of systemic inflammatory status across the cohort.

Our main finding is that NLR at diagnosis shows a statis-
tically significant but clinically modest association with
overall survival, whereas PLR does not. In the entire cohort,
each one-unit increase in NLR increased the risk of death
by 9.3% (HR 1.093; 95% ClI 1.018-1.173; p=0.015). By con-

trast, PLR had no significant effect on mortality (HR 1.00;
95% Cl 0.998-1.002; p=0.957). These results support the
hypothesis that an elevated NLR, reflecting a relative pre-
dominance of neutrophil-mediated inflammation over
lymphocyte-mediated immune surveillance, is associated
with poorer outcomes in MM, while PLR appears to be less
informative in this setting.

The lack of association between PLR and survival in our co-
hort may reflect the multifactorial determinants of platelet
counts in multiple myeloma, including marrow infiltration,
treatment-related effects, bleeding risk, and inflammatory
or infectious complications. Platelets can also be affected
by renal dysfunction and nutritional status, which may di-
lute any direct relationship between PLR and tumor biolo-
gy. Consequently, PLR may be a less stable proxy of system-
icinflammation than NLR in this disease context.

From a biological standpoint, this is plausible. Neutrophils
can promote tumor progression through pro-angiogenic
cytokines, proteolytic enzymes, and growth factors, where-
as lymphocytes are central to anti-tumor immunity. An in-
creased NLR therefore suggests a shift toward a pro-tumor
inflammatory milieu and impaired immune control.” Our
findings are consistent with previous studies reporting
adverse outcomes in MM patients with higher NLR values
571, Onec et al.”! found that NLR was predictive of survival
in MM, Wongrakpanich et al.’ and Li et al.”’ also reported
prognostic associations of baseline NLR, though results for
PLR were inconsistent, and Shi et al.®! showed that elevat-
ed NLR and monocyte-to-lymphocyte ratio, together with
decreased PLR, were associated with poor prognosis. Tak-
en together, these data suggest that NLR is a reproducible,
albeit not highly discriminative, prognostic marker in MM.

The modest AUC observed in our ROC analysis suggests
that baseline NLR behaves more like a contextual risk cor-
relate than a high-performing discriminative test. In other
words, while NLR may capture aspects of host-tumor in-
teraction and systemic stress, its overlap between survivors
and non-survivors limits its use for individual-level deci-
sion-making at diagnosis. This emphasizes that statistical-
ly significant associations do not necessarily translate into
clinically useful classification performance.

However, when we examined the discriminative perfor-
mance of NLR using ROC analysis, the clinical utility ap-
peared limited. The optimum cutoff point for NLR in pre-
dicting survival in our study was 1.7, yielding the highest
combined sensitivity and specificity. At this threshold,
sensitivity was approximately 70%, while specificity was
only 46%, with an area under the ROC curve in the range
of 0.528-0.638 (p=0.0078). Within the 95% confidence in-
terval (38.1%-54.0% for specificity), NLR thus provides
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only a weak prediction for clinical use at diagnosis. This is
in contrast to some previous studies that proposed various
cutoff values—1.72, 2.78, or 4.0—for NLR with stronger dis-
criminative performance.[5,6,8] The differences may reflect
variability in patient populations, treatment eras, and sta-
tistical methods, but they also underline that no universally
accepted NLR cutoff has emerged for MM.

When we evaluated clinical and laboratory subgroups, NLR
displayed differential associations with outcome:

+ In patients with hemoglobin <10 g/dL, a one-unit increase
in NLR predicted a 24.3% increase in the risk of death (HR
1.243; 95% Cl 1.074-1.440; p=0.004), suggesting that NLR
may be particularly relevant in patients with more ad-
vanced anemia and possibly higher disease burden.

« When bone marrow plasma cell infiltration was stratified
at a 40% cutoff, no significant correlation between NLR
and mortality was seen in patients with <40% infiltration
(p=0.728), whereas in those with >40% infiltration, each
one-unit increase in NLR predicted a 16.6% increase in
mortality risk (HR 1.166; 95% Cl 1.071-1.270; p<0.001).

- Asignificant association was also detected in patients with
ISS stage Il, where a one-unit increase in NLR increased
the risk of death by 43.1% (HR 1.431; 95% Cl 1.145-1.788;
p=0.002). This suggests that NLR may capture additional
risk particularly in intermediate-stage patients.

+ Regarding renal and biochemical parameters, NLR
showed a very weak but statistically significant positive
correlation with creatinine (r=0.142; p=0.010) and LDH
(r=0.139; p=0.012), while no significant correlation was
observed with GFR (p=0.072) or beta-2 microglobulin
(p=0.283).

+ For hypercalcemia, we used a calcium level =11 mg/dL
as a cutoff, consistent with established MM risk factors.
In this subgroup, each one-unit increase in NLR was as-
sociated with a 30.4% increase in mortality risk (HR 1.304;
95% Cl 1.042-1.632; p=0.040).

These subgroup findings indicate that NLR tends to be
more prognostically informative in patients with markers
of higher tumor burden or organ dysfunction (anemia,
high marrow infiltration, elevated calcium, higher LDH, and
impaired renal function), which is in line with the patho-
physiology of MM.

Treatment-related analyses also yielded informative re-
sults. In our cohort, the majority of patients received regi-
mens containing immunomodulatory drugs (IMiDs) and/or
proteasome inhibitors (82.6%), while 17.4% received con-
ventional chemotherapy alone; 23.2% underwent autolo-
gous stem cell transplantation (ASCT). In the group treated
with IMiDs and proteasome inhibitors, a one-unit increase

in NLR predicted an 8.2% increase in the risk of death at-
tributable to poor treatment response (HR 1.082; 95% Cl
1.003-1.166; p=0.040). No similar relationship was ob-
served in the conventional chemotherapy group (p=0.147).
These findings suggest that even in the era of novel agents,
host-related inflammatory status, as reflected by NLR, may
influence response outcomes and survival.

On the other hand, in patients who underwent ASCT, NLR
did not show a significant difference in predicting OS com-
pared with the non-transplant group (p=0.178). According
toourresults, NLR has no clear role in identifying candidates
for autologous transplantation or in predicting post-trans-
plant survival, which partially contrasts with studies that
reported better post-transplant outcomes in patients with
lower NLR values. -

The prognostic landscape of MM is further complicated by
its well-recognized precursor state, monoclonal gammopa-
thy of undetermined significance (MGUS), which precedes
virtually all cases of MM. B2 Current MGUS and smoldering
MM risk models rely on parameters such as M protein level,
bone marrow plasma cell percentage, and free light chain
ratio.'? While we did not include MGUS or smoldering MM
patients in our cohort, our results raise the broader ques-
tion of whether inflammatory indices like NLR may play any
role in identifying high-risk precursor states. This remains
speculative and should be addressed in specifically de-
signed prospective studies.

It is important to interpret these findings in the context of
established prognostic systems. The International Staging
System (ISS), based on serum (2 microglobulin and albu-
min,"™® and the Revised ISS (R-ISS), which additionally in-
corporates LDH and cytogenetic abnormalities, remain the
standard tools for risk stratification in MM.'"*™! In our study,
although NLR showed statistically significant associations
with survival and several adverse clinical features, it did
not add meaningful predictive value to staging beyond
systems such as ISS and R-ISS. In other words, NLR appears
to be a weak independent prognostic factor and does not
substantially improve risk stratification when established
markers are already taken into account.

From a practical standpoint, NLR can be viewed as a readily
accessible marker that may raise clinical suspicion for high-
er-risk features when interpreted alongside anemia, renal
impairment, LDH elevation, and hypercalcemia. Howev-
er, our findings do not support using NLR alone to guide
treatment intensity, transplant decisions, or counseling
at diagnosis. Instead, NLR may be most appropriate as an
adjunct variable in future composite scores that integrate
established staging systems with routinely available labo-
ratory data.
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Our study has several limitations. First, it is a single-center,
retrospective analysis, which may introduce selection bias
and unmeasured confounding. Second, while the sample
size of 327 patients is reasonable for a single-center study, it
is still modest compared with large multicenter trials. Third,
NLR and PLR were assessed only at baseline; we did not
evaluate dynamic changes over time or during treatment,
although studies performed at day +100 after ASCT sug-
gest that post-treatment values may also be prognostically
relevant.® Fourth, the ROC-derived cutoff for NLR in our
cohort (1.7) showed weak discriminative power (p=0.078),
suggesting that NLR alone is insufficient as a robust clinical
decision-making tool at diagnosis. Finally, we did not incor-
porate R-ISS systematically due to the retrospective nature
of the data and limitations in the availability of cytogenetic
testing during the study period, which we acknowledge as
a point of criticism.

Notable strengths of this study include the relatively large
single-center cohort, consistent diagnostic criteria, and
the inclusion of patients managed in a real-world setting
where laboratory indices are routinely obtained. In addi-
tion, our analyses explored clinically relevant subgroups
(e.g., anemia, marrow infiltration, calcium elevation), which
may help clinicians understand in which scenarios NLR is
more likely to reflect adverse disease biology.

Despite these limitations, our study contributes real-world
data from a sizable, single-center cohort treated in the era
of novel agents. It confirms that NLR is statistically asso-
ciated with worse survival and with markers of higher tu-
mor burden and organ dysfunction but, at the same time,
demonstrates that its practical prognostic contribution is
weak and does not replace or significantly enhance estab-
lished staging systems. PLR, in contrast, did not show any
independent prognostic value in our analysis.

Conclusion

In this retrospective cohort of 327 multiple myeloma pa-
tients, we found that:

+ The baseline neutrophil-to-lymphocyte ratio (NLR) is sta-
tistically associated with overall survival; each one-unit
increase in NLR increases the risk of death by approxi-
mately 9.3% (HR 1.093; 95% Cl 1.018-1.173; p=0.015).

« The platelet-to-lymphocyte ratio (PLR) has no significant
prognostic impact on survival (HR 1.00; 95% Cl 0.998-
1.002; p=0.957).

« The ROC-derived cutoff value of 1.7 for NLR provides
weak discriminative power, with sensitivity around 70%
but specificity of only 46% (AUC within 0.528-0.638;
p=0.078), limiting its practical utility as a standalone
prognostic marker at diagnosis.

« NLR shows stronger prognostic associations in sub-
groups with adverse clinical and laboratory features (he-
moglobin <10 g/dL, bone marrow plasma cell infiltration
>40%, ISS stage Il, calcium =11 mg/dL, higher creatinine
and LDH values), and among patients treated with IMiD-
and proteasome inhibitor-containing regimens. Howev-
er, NLR does not significantly influence survival after au-
tologous stem cell transplantation and does not help in
selecting transplant candidates.

Taken together, these findings indicate that while NLR re-
flects aspects of systemic inflammation and host-tumor
interaction and is weakly prognostic, it does not meaning-
fully enhance staging or risk stratification when added to
established systems such as ISS and R-ISS. PLR appears to
be of no prognostic value in our cohort.

Given that bone marrow biopsy, cytogenetic and FISH
analyses, and advanced imaging recommended by the
International Myeloma Working Group are invasive and/
or costly,"*' simple and inexpensive indices such as NLR
and PLR are attractive in principle. However, based on our
results, baseline NLR should currently be regarded as an
auxiliary marker with limited clinical impact rather than a
primary tool for risk-adapted treatment decisions in MM.
PLR cannot be recommended as a prognostic marker in
this context.

We recommend that future prospective, multicenter stud-

ies with larger patient numbers and standardized method-

ology:

- further investigate the prognostic value of NLR and other
inflammatory indices,

- explore dynamic changes in these ratios during treat-
ment (e.g., at day +100 post-ASCT),

and evaluate combined models that integrate inexpensive
hematologic and biochemical ratios with established stag-
ing systems and modern biomarkers, from precursor states
such as MGUS through to symptomatic MM.[4151

Such research may clarify whether more robust cutoff
points or composite scores derived from routine laboratory
tests can provide clinically meaningful prognostic informa-
tion and contribute to truly individualized management
strategies in multiple myeloma.
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