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Abstract This study aims to evaluate the incidence of
non-thyroid illness syndrome (NTIS) among patients
diagnosed as lung cancer and its association with the
stage of the disease, Eastern Cooperative Oncology Group
(ECOG) performance score, nutritional parameters, and
survival. We enrolled 120 patients that 71 of them with
newly diagnosed and staged non-small cell lung cancer
and 49 of them small-cell lung cancer. The cases were
examined for thyroid function tests, ECOG performance
score, and nutritional evaluation before treatment. Also,
cases were evaluated for their overall survival rates. NTIS
was identified in 30 (42 %) of the 71 non-small cell lung
cancer patients and 22 (44 %) of the 49 small-cell lung
cancer patients. NTIS was more frequent among advanced
stage of cases. Serum albumin level, cholesterol level,
lymphocyte level, and body mass index were detected to
be significantly low and ECOG performance score was
significantly high in cases with NTIS when compared to
cases without NTIS. NTIS was found to be negatively
correlated with body mass index, ECOG performance
score, and serum albumin level, and it was positively
correlated with disease stage. NTIS was detected signifi-
cantly as a poor prognostic factor for lung cancer. NTIS
was frequently seen in cases with non-small cell lung
cancer and small-cell lung cancer. NTIS can be used as
a predictor of poor prognosis for lung cancer patients.
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Introduction

Non-thyroidal illness syndrome (NTIS) is a variable situation
of'abnormal thyroid hormone concentration that can rise in the
serum following any acute or chronic illness that is not caused
by an intrinsic abnormality in thyroid function [1]. Euthyroid
sick syndrome (ESS) and non-thyroidal illness syndrome
(NTIS) are terms used alternatively in the literature [2]. The
laboratory parameters of NTIS include low serum levels of
trilodothyronine (T3) and high levels of reverse T3, with
normal or low levels of thyroxine (T4), and normal or low
levels of thyroid-stimulating hormone (TSH) [3, 4].

The pathogenesis of the syndrome is still not well known;
an imbalance between the activity of type I and type II
deiodinase, a decreased hypothalamus and pituitary sensibility
to thyroid hormones, and a reduced T4 protein binding and
cellular uptake have been proposed [5]. It has been much
debated whether NTIS represents a physiologic adaptive re-
sponse to systemic illness, by which it lowers tissue energy
requirements or conversely a maladaptive state, which induces
a damaging hypothyroid state at tissue level [5]. The NTIS has
been described in liver disease, renal failure, after stress or
surgery, in elderly sick, malnutrition, malignancy, and after
ingestion of drugs like amiodarone, corticosteroids, and pro-
pranolol [6]. The magnitude of changes in serum T3 and T4
do not depend on the type of illness but on its severity [7].

Prognosis of patients with lung cancer is related to the stage
of the disease, gender, age, histological type, proliferate frac-
tion, performance score, and nutritional and psychological
state of the patients. A few studies showing that NTIS is
observed in cancer patients and that prognosis is poorer for
these patients have been published elsewhere [8—11].

In this study, we aimed to determine the incidence of NTIS,
to identify its relation with the Eastern Cooperative Oncology
Group (ECOG) performance score, nutritional parameters
such as body mass index (BMI), lymphocyte count, serum
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albumin and cholesterol levels, the stage of the disease, and to
clarify whether it can be used as a predictor of survival in non-
small cell lung cancer (NSCLC) and small-cell lung cancer
(SCLC) patients.

Materials and Methods

The study was conducted in one of the pulmonary divisions of
a teaching hospital specialized in pulmonary diseases and
thoracic surgery, located in the third biggest city of Turkey.
Patients diagnosed histologically and sitologically as lung
cancer between January 2007 and February 2009 were en-
rolled. Exclusion criteria were the following: intrinsic thyroid
or pituitary-hypothalamic disease, use of special drugs known
to affect serum thyroid hormone concentration such as gluco-
corticoids, amiodorone, 3 blockers, sucralfate, phenytoin,
salicilates and rifampin, and any disease (such as secondary
malignancy, diabetes mellitus, nephrotic syndrome, AIDS,
chronic hepatic, renal disease, or other systemic infectious
diseases) associated with thyroid function anomalies. Before
treatment, all subjects were evaluated with ECOG perfor-
mance scale [12]. The subjects underwent thyroid function
tests, nutritional evaluation, and staging of the disease. Pa-
tients who missed their appointment were communicated via
telephone. General survival time was described as the time
passed from the time of diagnosis until death.

Diagnosis of NTIS was established when free triiodothy-
ronine (f T3) and/or free thyroxin (f T4) levels were below the
lower limit and TSH levels were within the normal or low
limits mentioned. Patients with NTIS were classified into two
groups as follows: (1) low serum level of f T3, normal serum
level of f T4, and normal level of TSH as Type 1, (2) low
serum level of f T3, low serum level of f T4, and normal and
low serum level of TSH as type 2, (3) low serum level of f T3,
high serum level of f T4, and normal serum level of TSH as
type 3 [13]. The study was approved by the Ethics Committee
of our hospital.

Thyroid Laboratory Tests The normal range of serum hor-
mone concentrations for our laboratory are as follows: 2.3—
4.2 pg/mL for f T3, 0.89-1.76 ng/dL for f T4, and 0.35—
5.50 mIU/mL for TSH. Serum thyroid hormone concentra-
tions were analyzed by chemo-luminescence, immune-assay
method in an ADVIA Centaur hormone analyzer.

Nutritional-Biochemical Evaluation Anthropometric and bio-
chemical measurements were done to assess the nutritional
and biochemical state of the cases. For anthropometric mea-
surement, BMI [weight (kg)/height (m?)] was calculated.
Subjects were categorized according to World Health Organi-
zation classification (BMI <18 kg/m? thin, 18-25 kg/m* of
acceptable weight, 25-30 kg/m? of excessive weight, and

>30 kg/m? obese) [14]. For biochemical measurements albu-
min level (N 3.5-5.2 g/dL), cholesterol level (0-200 mg/dL),
and lymphocyte count (N 1.0-5.0x 10*/mL) were quantified.
Serum albumin and cholesterol levels were measured by a
photometric method (Olympus Auto analyzer AU 2700) and
lymphocyte counts were performed with ABX Pentra DX 120
device in the biochemistry laboratory of our hospital.

Tumor Staging Cases with NSCLC were staged by using the
TNM system proposed by the “American Joint Committee on
Cancer” [14]. Cases with SCLC were staged by using the
IASLC classification [15]. Positron emission tomography
and CT or magnetic resonance imaging scan of the brain were
used for staging in most of the patients. Transbronchial fine
needle aspiration biopsy or mediastinoscopy was done for
staging tumors of patients without any distant metastasis.

Statistical Evaluation Statistical analyses were performed
with SPSS 15.0 (statistical package for social sciences) soft-
ware. Categorical data are expressed as numbers with frequen-
cies and continuous data are expressed as medians with inter-
quartile range (IQR). Comparisons between groups were done
by Fisher’s exact test or Mann-Whitney U test where appro-
priate. For survival analysis, Kaplan-Meier method was used
and distinction between the groups was compared by log rank
test. Cox proportional hazard model as a multivariate analysis
method was used in order to evaluate the factors affecting
survival. A p value of <0.05 was considered as statistically
significant.

Results

One hundred and twenty consecutive patients were enrolled
during the study period. Out of 120 patients, 71 [62 (87 %)
male, 9 (12 %) female] of them were diagnosed as NSCLC
and 49 [45 (91 %) male, 4 (8.2 %) female] of them were
diagnosed as SCLC. The stages of NSCLC were stage 1 in 2,
stage 2 in 8, stage 3 in 26, and stage 4 in 35 patients. The
stages of SCLC were limited disease in 12 and extensive
disease in 37 patients. NTIS has been identified in 52 (43 %)
of all patients, 30 (42 %) of them with case with NSCLC and
22 (45 %) of them case with SCLC. As the stage of the disease
increased, NTIS was more frequent. NTIS incidence was
significantly higher in stage 4 (54 %) compared to stage 2
(38 %) in cases with NSCLC (p=0.032, Fig. 1) and in exten-
sive disease (59 %) compared to limited disease (0 %) of
SCLC (p=0.0002, Fig. 2). Among the cases, 20 (66 %) with
NSCLC and 14 (63 %) with SCLC were NTIS type 1; 10 (34)
with NSCLC and 8 (37) with SCLC were NTIS type 2.
Considering the gender and age of the patients, there was
no statistically significant difference between the subjects with
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Fig. 1 Distribution of non-
thyroid illness syndrome among
non-small cell lung cancer
patients according to the stage of
the disease. (NTIS non-thyroid
illness syndrome, *p=0.032
when compared with stage II)
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or without NTIS in patients with lung cancer. BMI, serum
albumin levels, cholesterol level, and lymphocyte counts were
detected significantly lower and ECOG performance scores
were detected significantly higher in cases with NTIS when
compared to cases without NTIS in both NSCLC and SCLC
patients. Median survival times were 65 vs. 314 days in cases
with and without NTIS in NSCLC patients and 50 vs. 320 days
in cases with and without NTIS in SCLC patients, respectively
(Tables 1 and 2, Figs. 3 and 4). And these deaths of the
patients are related to lung cancer like local relapse or metas-
tases not dying for other causes. Cases with NTIS type 1 and
type 2 showed no difference in general survival rate in patients
with NSCLC and SCLC.

T
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Factors found to be significant in the univariate analysis
were introduced into a Cox proportional hazard model to
detect the effect of NTIS on survival. After adjusting for these
factors, we found that the presence of NTIS was still an
independent risk factor for mortality (HR 4, 95 % CI 2.3—
6.9, p=0.000) in all cancer patients.

Discussion
The main finding of this study was that NTIS was frequently

seen in cases with lung cancer, both in NSCLC and SCLC
patients. As the stage of the disease increased, NTIS was more

Fig. 2 Distribution of non-
thyroid illness syndrome among
small-cell lung cancer patients
according to the stage of the
disease. (N7IS non-thyroid illness
syndrome)
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Table 1 Comparison of NSCLC ] .
patients according to the presence  Patient characteristics NTIS (-) NTIS (H) p
of NTIS
Age (years) 62 (54-71) 65 (58-72) 0.34
BMI (kg/m?) 24 (22-27) 18 (15-21) 0.000
Albumin (g/dl) 4(3.642) 3.1(2.1-3.4) 0.000
Cholesterol (mg/dl) 185 (155-205) 161 (111-176) 0.003
ECOG 1(1-1 3(1-4 0.000
NSCLC non-small cell lung can- seore (-1 (=4
cer, NTIS non-thyroid illness Hb (g/d)) 12.3 (11.2-13.5) 12.2 (9-13) 0.12
syndrome, BMI body mass index, Lymphocyte (cell/mm3 ) 1,860 (1,440-2,140) 1,320 (1,127-1,730) 0.006
ECOG eastern cooperative on- Survival (days) 314 (194-396) 65 (32-93) 0.000

cology group, Hb hemoglobin

frequent. Also, NTIS can be used as a predictor of poor
prognosis for lung cancer patients, especially a significant
prognostic factor for patients with NSCLC.

Several studies described the presence of NTIS in pulmo-
nary diseases and malignancies [8, 10, 16-20]. Chow et al.
reported a 63 % incidence of NTIS in 40 pulmonary TB
patients [16]. Kirkil et al. reported a 74.3 % incidence of NTIS
in 39 COPD patients [17]. Tellini et al. investigated thyroid
hormone levels in 220 cases with malignancy in different
organs and found out NTIS in 58 % of the patients [8].
Wehmann et al. found NTIS incidence as 54 % in cases with
hematological malignancies [10]. Seyhan et al. found NTIS
incidences as 35 % and patients with NTIS were elderly than
patients without NTIS in NSCLC patients [18]. Our finding of
incidence of NTIS was less than Tellini et al.’s and Wehmann
et al.’s results. However, these studies did not include lung
cancer patients. Our result for NSCLC is higher than what was
found by Seyhan et al. This may be due to the high number of
patients with advanced stage in our study. Although they
reported high prevalence of NTIS in elderly subjects, we did
not detect any relationship between age and NTIS.

We found that, as the stage of disease increased, NTIS was
more frequent in patients with lung cancer. A positive associ-
ation between the magnitude of thyroid hormone reduction
and severity of disease is generally reported. Moreover, NTIS
have been recently reported as the predictor of mortality [10,
19-25]. Wawrzynska et al. found out in their survey that NTIS

is frequent in patients with severe respiratory failure requiring
intensive care [19]. Karadag et al. examined patients with
COPD in attacks and stable periods. They found that thyroid
hormones were significantly low in attack periods [20].
Caregaro et al. found that the frequency of NTIS in cirrhotic
patients was about 30 % and that it was correlated with child
classification defining severity of cirrhosis [21]. Moreover,
they pointed out that survival rates were lower in NTIS cases.
Opasich et al. examined patients with chronic heart failure and
reported that NTIS cases have a higher mortality rate during
follow-up period [22]. In a study including subjects in inten-
sive care unit, mortality was significantly higher in cases with
low serum level of f T3 compared with normal hormone test
[23]. Schulte et al. examined patients with hematological
malignancy who underwent bone marrow transplantation
and reported that cases with NTIS have a higher mortality
rate compared to those without NTIS [24]. Seyhan et al.
pointed out that NTIS was more frequent in advanced stages
of disease in their study population [18]. Our study showed
consistent results with the previous ones, suggesting that
NTIS is associated with disease severity and may be a predic-
tor of high mortality.

Additionally, we found that the survival time is significant-
ly low in cases with NTIS in both NSCLC and SCLC patients.
Several studies demonstrating the presence of NTIS in malig-
nant diseases and its association with poor prognosis have
been published [8, 9, 18, 25]. Tognini et al. demonstrated that

Table 2 Comparison of SCLC
Patient characteristics

patients according to the presence NTIS (-) NTIS () p
of NTIS
Age (years) 57 (49-65) 61 (53-67) 0.17
BMI (kg/m?) 27 (25-29) 15 (22-25) 0.000
Albumin (g/dl) 4.1 (3.8-4.5) 2.7(2.2-34) 0.000
Cholesterol (mg/dl) 213 (196-241) 183 (166-234) 0.013
ECOG 1(1-2 3024 0.000
SCLC small-cell lung cancer, seore (1-2) =4
NTIS non-thyroid illness syn- Hb (g/dl) 13.2 (11.9-13.4) 11.8 (10.2-13.9) 0.19
drome, BMI body mass index, Lymphocyte (cell/mm3 ) 1,456 (1,332-1,546) 1,320 (1,127-1,730) 0.048
ECOG eastern cooperative on- Survival (days) 320 (218-423) 50 (32-125) 0.000

cology group, Ab hemoglobin
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Fig. 3 Survival of small-cell and non-small cell lung cancer patients according to the presence of NTIS by Kaplan-Meier method. (N71S non-thyroid

illness syndrome)

NTIS is an independent predictor of short-term survival in
acutely ill hospitalized older patients [26]. Seyhan et al. re-
ported that NTIS used to be a prognostic factor for NSCLC
patients [18]. Our results confirm these findings. In the con-
sensus reports on prognostic factors of lung cancer, stage of
the disease and performance status were indicated as the main
prognostic factors determining survival; it was also empha-
sized that cell type, tumor proliferative fraction, gender,
weight loss, serum albumin level, and nutritional and psycho-
logical states were significant prognostic factors that can affect
survival [27]. In this study, Seyhan et al. put forward that low
survival time in cases with NTIS was associated with poor
performance state and low albumin levels [18]. We also dem-
onstrated that there was an association between presence of

NTIS and initial performance score and low albumin level that
confirms previous studies.

The most prominent alteration are low f T3 alone or with f
T4 and normal or inappropriately low TSH. Low serum f T3 is
the most common type according to the literature as justified
by our data. Twenty (66 %) of cases with NSCLC patients and
14 (63 %) of cases with SCLC had only decreased f T3. Wang
et al. reported that low serum f T3 level was only an indepen-
dent predictor of ICU mortality among the complete thyroid
indicators [28]. However, it was reported that TSH levels were
normal or just below normal in 80 % of NTIS patients but
decreased in 10 % and that prognosis was poorer in the later
[29, 30]. In this study, TSH levels were within normal limits in
all of the patients.
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Nutritional insufficiencies, fasting, and calorie limitation
have been reported to play a role in NTIS development.
Because of the loss of appetite and increased catabolism in
lung cancer, feeding disorders and nutritional insufficiencies
develop. Schulte et al., in their study on NTIS incidence
among bone marrow transplant patients, found that NTIS
cases had lower BMI and serum albumin levels [24]. Tellini
et al. described the correlation between NTIS and albumin
level and degree of weight loss in oncology patients [8].
Seyhan et al. showed significant correlations between NTIS
and nutritional parameters including BMI and serum albumin
level [18]. In our study similar to the previous ones, we found
BMI, serum albumin levels, and cholesterol level were signif-
icantly lower in cases with NTIS when compared to cases
without NTIS in both NSCLC and SCLC patients.

There has been much interest recently in the roles of
cytokines in the pathogenesis of NTIS. However, their signif-
icance remains unclear. Several inflammatory cytokines, such
as IL1b, IL6, and TNF-«, can suppress, via direct or indirect
pathways, the thyroid function at different levels. These cyto-
kines appears to be more frequently involved in the reduction
of the deiodinase 1 activity [31]. Feelders et al. detected that
oncology patients with NTIS had higher TNF-o« and IL-6
levels compared to those without NTIS [11]. We could not
measure any cytokine level but lymphocyte counts were de-
tected significantly lower in cases with NTIS when compared
to cases without NTIS in both NSCLC and SCLC patients in
our study.

Additionally, it has been hypothesized that the immune
system cell can affect the systemic thyroid hormone activity.
Various immune system cells can produce biologically active
TSH and have also been found to express T3 [32]. We count
the number of lymphocytes that are known to be associated
with immune status. We found statistically significant differ-
ence in lymphocyte counts between cases with NTIS and
cases without NTIS in both SCLC and NSCLC patients.
Lymphocyte counts were detected significantly lower in cases
with NTIS. Seyhan et al. found no correlation between NTIS
and lymphocyte count. This difference might be due to the
high number of patients with advance stage in our study.

This study has several limitations. First one is the sample
size which is small. Second, nutritional insufficiencies, arise
in especially advanced stage of disease, affects the evaluation
of association between NTIS and lung cancer. It is known that
nutritional insufficiencies and calorie limitation have a role in
NTIS development. And also, we included our cases referred
to our specific clinic with a high interest in lung cancer. This
should be taken into consideration about our prevalence of
NTIS.

In conclusion, we determined that NTIS may be frequently
seen in cases with lung cancer. Presence of NTIS is associated
with severity of illness and low survival time in both cases
with NSCLC and SCLC. Furthermore, NTIS can be used as a

prognostic factor for lung cancer patients. Further studies with
greater sample sizes are needed to confirm these results.
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