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Does tumor volume affect survival in patients with operated early-stage
non-small-cell lung cancer?
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ABSTRACT

Background: This study aims to investigate whether tumor
volume affects survival in patients with operated early-stage non-
small-cell lung cancer.

Methods: A retrospective analysis of 156 patients (146 males,
10 females; mean age 62.3+8.0 years; range 38 to 79 years) with
non-small-cell lung cancer who underwent anatomical resection
and mediastinal lymph node dissection between September
2009 and June 2013 was performed. The tumor volumes were
calculated using histopathological data. The effect of tumor
volume on prognosis and survival was investigated.

Results: Of the patients, 116 had Stage I disease and 40 patients
had Stage II disease. The mean tumor volume was 38.2+54.6
(range, 356.15 to 0.01) cm? and the mean largest diameter
was 4.2+2.0 (range, 10 to 0.3) cm. In the Cox regression
analysis, the tumor volume below the cut-off value (29.69 cm?®)
increased survival with an odds ratio (OR) of 2, and this value
was statistically significant (p=0.022). The cut-off value per
T factor was 4.5 cm and the OR was 1.7; however, no significant
correlation with the survival was observed (p=0.058).

Conclusion: The present study found a closer correlation
between the tumor volume and survival in contrast to the known
correlation between the tumor’s largest diameter and survival.
Based on our study results, it is recommended to calculate and
consider the tumor volume along with the tumor diameter in the
staging of lung cancer.
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Amag: Bu calismada erken evre ameliyat edilen kuiguk huicreli

dis1 akciger kanserli hastalarda tumor hacminin sagkalimi
etkileyip etkilemedigi arastirildi.

Calisma plani: Eylul 2009 - Haziran 2013 tarihleri arasinda
anatomik rezeksiyon ve mediastinal lenf bezi diseksiyonu yapilan
kuguk hiicreli dig1 akciger kanserli 156 hasta (146 erkek, 10 kadin;
ort. yag 62.3£8.0 yil; dagilim 38-79 yil) retrospektif olarak
incelendi. Tumor hacimleri histopatolojik veriler kullanilarak
hesaplandi. Tumor hacminin prognoz ve sagkalim uzerindeki
etkisi aragtirildi.

Bulgular: Hastalarin 116’sinda Evre 1 ve 40’inda Evre II
hastalik var idi. Ortalama tumor hacmi 38.2+54.6 (dagilim;
356.15-0.01) cm? iken, ortalama en buyuk cap 4.2+2.0 (dagilim;
10-0.3) cm idi. Cox-regresyon analizinde esik degerin altinda
tumor hacmi (29.69 cm?®) 2 olasilik oran1 (OR) ile sagkalimi
artirmakla birlikte, bu deger istatistiksel olarak anlamli idi
(p=0.022). T faktoruine gore esik deger 4.5 cm olup, OR=1.7
idi; ancak, sagkalim ile arasinda anlamli bir iligki gozlenmedi
(p=0.058).

Sonug¢: Bu caligmada en buyuk tumor capr ve sagkalim
arasindaki bilinen iligkinin aksine, timor hacmi ile sagkalim
arasinda daha yakin bir iligki saptandi. Calisma bulgularimiza
gore, akciger kanseri evrelemesinde tumor cap: ile beraber
timor hacminin hesaplanmasi ve goz oniinde bulundurulmasi
onerilmektedir.

Anahtar sozciikler: Akciger kanseri; prognoz; evreleme; timor hacmi.

Received: May 22,2016 Accepted. September 14, 2016

Correspondence: Tevfik ilker Akcam, MD. Ege Universitesi Tip Fakultesi, Gégus Cerrahisi Anabilim Dali, 35100 Bornova, izmir, Turkey.
Tel: +90 232 - 390 49 19 e-mail: tevfikilkerakcam@hotmail.com

Cite this article as:

Ors Kaya $. Akcam T, Akcay O, Samancilar O, Ceylan KC, Usluer O. Does tumor volume affect survival in patients with operated early-stage non-small-cell lung
cancer? Turk Gogus Kalp Dama 2017;25(4):633-7.

This article was presented at 8" National Congress of Thoracic Surgery, 23-26 April 2015, Antalya.

©2017 All right reserved by the Turkish Society of Cardiovascular Surgery.

633



Turk Gogus Kalp Dama
2017;25(4):633-7

In the developed countries, lung cancer is the second
most common cause of cardiac disease-related
mortality.! The main prognostic factor in lung cancer
is the tumor stage, and it is the most important
parameter both in terms of the course of treatment and
predicting survival, followed by the histopathological
cell type.l>4

Current lung cancer staging evaluates the largest
diameter and localization of the tumor, status of the
lymph nodes, and presence of metastasis.”! However,
the T factor alone, which describes the largest diameter
of the tumor, is not a parameter reflecting the complete
tumor mass and volume. It is expected that the three-
dimensional volume of the tumor would provide better
information on the tumor size, relative to the two-
dimensional size. In the light of this perspective, in
the present study, we aimed to investigated whether
the tumor volume affected the survival in patients with
early-stage non-small-cell lung cancer (NSCLC).

PATIENTS AND METHODS

In this retrospective study, a total of 439 patients
with NSCLC who underwent anatomical pulmonary
resection and mediastinal lymph node dissection
between September 2009 and June 2013 were
included. Among these, 156 patients with Stage I
and Stage II disease, in whom only the tumor size
affected the disease stage, were included. The patients
having factors other than the tumor size affecting
the tumor stage were excluded from the study. All
patients underwent preoperative thoracic computed
tomography (CT), positron emission tomography-CT
(PET-CT), cranial magnetic resonance imaging (MRI),
and metastasis screening, and estimated pulmonary
reserve capacities were calculated using the respiratory
function tests (RFTs). Tumor volumes were calculated
based on the largest length of postoperative pathological
pieces in three dimensions and after the radiological
confirmation of this data. The tumor sizes, measured
in three axes, were used to calculate the volumes using
the ellipsoid volume formula: 4+3]Jabc.

A written informed consent was obtained from each
patient. The study was conducted in accordance with
the principles of the Declaration of Helsinki.

Statistical analysis

The data were analyzed using the IBM SPSS for
Windows version 22.0 (IBM Corp., Armonk, New
York, USA) and MedCalc 9 (Acacialaan 22, B-8400
Ostend, Belgium) programs. The compatibility of the
data with normal distribution was evaluated considering
the Shapiro-Wilk test and variation coefficients, while
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parametric methods were used to analyze the normally
distributed data and non-parametric methods were
used to analyze the non-normally distributed variables.
The two independent groups were compared using
the independent-samples t-test and Mann-Whitney
U (exact) test. The correlations of the variables with
each other were analyzed using the Spearman's rho
test, whereas the categorical data were compared using
the Pearson chi-square (exact) test. The effects of the
factors on mortality were examined using the Kaplan-
Meier (product-limit method) - log-rank (Mantel-Cox)
analysis. The Cox regression analysis was used to
measure the effects of prognostic variables on lifetime
based on the main factor. The relationship between the
actual classification and the classification of the patient
groups using the cut-off value calculated according
to the variables was examined and expressed through
sensitivity and specificity using the Receiver Operating
Characteristics (Honley & Mc Nell) analysis. The
quantitative data were expressed in mean + standard
deviation (SD), median * interquartile range (IQR),
and median (min-max) values. Categorical data were
expressed in number (n) and percentage (%). A p value
of <0.05 was considered statistically significant with
95% confidence interval (CI).

RESULTS

Of the study patients, 146 were (93.5%) males and 10
were (6.5%) females, and the mean age was 62.3+8.0
(range, 38 to 79) years. Based on the 7" Tumor-Node-
Metastasis (TNM) staging of NSCLC, 116 patients
(74.4%) had Stage I disease (Stage IA: 62, Stage IB:
54) and 40 patients (25.6%) had Stage II disease (Stage
ITA: 24, Stage 1IB: 16). When the data of survivors
were evaluated, compared to non-survivors, the mean
age was 61.3+8.2 years among survivors and 64.3+7.5
years among non-survivors, indicating a statistically
significant difference (p=0.024).

When histopathological diagnoses of the patients
were examined, 72 patients (46.1%) had a squamous-cell
carcinoma, 68 patients (43.6%) had an adenocarcinoma,
12 patients (7.7%) had a large-cell carcinoma, and
four patients (2.6%) had a non-small-cell carcinoma
with no identified type. The patients who survived
in the study group were classified into two groups
based on the mortality status, 45 patients had an
adenocarcinoma, 46 patients had a squamous-cell
carcinoma, nine patients had a large-cell carcinoma,
and two patients had other NSCLC. In the non-survivor
group, 23 patients had an adenocarcinoma, 26 patients
had a squamous-cell carcinoma, three patients had
a large-cell carcinoma, and two patients had other
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Table 1. Distribution of volume and T factor by stages in survivors and non-survivors

Survived Exitus
Stage | Stage 11 Stage | Stage II
Mean+SD Mean+SD p Mean+SD Mean+SD p
Volume (cm?) 8.6+19.5 73.8+54.1 <0001 11.8+3 82.6+96.8 <0001
T (cm) 3.0£2 6.5+1 <0001 3.3£1.5 7.0£2 <0001

SD: Standard deviation.

NSCLC; and there was a homogeneous distribution
between the two groups (p=0.897).

Considering the T status of the overall group, the
mean diameter was 4.2+2.0 cm. The mean T factor
was 3.5+2.5 cm in the survivor and 4.5+3.5 cm in
the non-survivor group; the difference between the
two groups was statistically significant (p=0.015).
When the T status was evaluated based on stages, the
mean 7 was 3+1.6 cm and 7+2 cm in the Stage I and
Stage II patient groups, respectively, and there was
a statistically significant difference between the two
groups (p<0.001). When the T status was evaluated
based on the stages in the survival group, the mean
T was 3.0+£2 cm in Stage I and 6.5+1 cm in Stage II,
and the difference was significant (p<0.001). In the
non-survivor group, the mean value was 3.3+1.5 cm
and 7.0+2 cm in Stage I and Stage II, respectively, and
this difference was significant (p<0.001) (Table 1).

The mean tumor volume was 38.2+54.6 cm’ in
the overall group. The mean tumor volume was
13.4434.1 cm® in the survivor group, compared to
31.4+£53.6 cm?® in the non-survivor group, indicating
a statistically significant difference (p=0.023). When
the tumor volume was evaluated based on the stages,
it was 9.0+£20 cm?® in the Stage I patient group,
compared to 81.4+86.7 cm® in the Stage II patient
group, a statistically significant difference between the
two groups (p<0.001). When the tumor volume was
evaluated based on the stages in the survival group, the
mean value was 8.6+19.5 cm? in Stage I and 73.8+54.1
cm?® in Stage II (p<0.001). In the non-survivor group,
the mean value was 11.8+3 cm?® and 82.6+96.8 cm?® in
Stage I and Stage II, respectively (p<0.001) (Table 1).
The cut-off value for tumor volume was 29.69 cm®. The
number of patients with a tumor volume <29.69 cm?
was 71 and the number of patients with a tumor volume
>29.69 cm® was 32 in the survivor group. In the non-
survivors group, the number of patients with a tumor
volume =<29.69 cm was 25 and the number of patients
with a tumor volume >29.69 ¢cm® was 28. Comparison
of the two groups revealed that there was a significantly

higher number of patients below the cut-off value in the
survivor group (p=0.019).

When the effect of volume on survival was
examined, the three-year survival rate was 88.9%
below the cut-off value and 75.4% above the cut-off
value (Figure 1). There was a statistically significant
difference in the survival between the two groups and
survival was observed to increase with the decreasing
tumor size (Table 2).

In this study, the odds ratios (ORs) for the three
factors having a statistical impact on survival were
2 for the tumor size 1.7 for T (the longest diameter)
and 1.6 for the tumor stage. When the variables were
associated with mortality in accordance with these
ratios, only the volume value had a significant effect
on mortality (p=0.022), and the other two factors
approached to statistical significance, although the
p values were higher than 0.05 (Table 3).
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Figure 1. Survival analysis.
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Table 2. Comparison of three-year survival by volume cut-off values

Life expectancy

3-year survival rate

Mean+SD

<29.69  29.69< p

Volume (<29.69 / 29.69<)

53.6+1.5/48.2+1.8

889%  75.4% 0.020

SD: Standard deviation.

DISCUSSION

The main prognostic factor in lung cancer is the tumor
stage, followed by histopathological cell type.** The
gold standard method of treatment for NSCLC is
radical anatomic pulmonary resection.>”! In 1973, a
new staging system was developed by the American
Joint Committee on Cancer (AJCC) under the
leadership of Mountain, by means of using the general
principles of the TNM staging system.*#° The Union
for International Cancer Control (UICC) and AJCC
reached a consensus over the data of the International
Association for the Study of Lung Cancer (IASLC), the
committee collecting the data of lung cancer patients
worldwide, and published the 7th T NM staging in 2009,
which is currently in use.”!” The updating studies of
the routine assessments in terms of TNM are still
ongoing. Some multifactorial parameters are expected
to be included in the consideration in the studies
conducted to establish more accurate conclusions. The
present study brings a different perspective particularly
to the effect of T factor on survival in this regard and
examines the effect of three-dimension form of the
tumor. In this context, the ellipsoid volumes of T; and
T, tumors were calculated according to the 7" TNM
staging and compared.

Review of the literature reveals that there is a similar
study conducted by Jefferson et al.,!'"! investigating the
effect of volume on survival. The aforementioned
study also calculated the tumor volume by taking the
maximum lengths of all three dimensions of the tumor
in the postoperative pathological piece. The study
concluded that the mean volume was 91.6+8.6 cm? in
Stage I, 92.4+13 cm?® in Stage II, and 178.8+24.2 cm® in

Table 3. Rates of survival-affecting factors to create a
risk factor

Mortality OR  95% CI p

Volume (cm?) (29.69<) 2 1.1-3.3 0.022
T (cm) (4.5<) 17 0929 0.058
Stage 1.6 0928 0.105

OR: Odds Ratio: CI: Confidence interval.
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Stage IITA. Two-year and five-year survival rates were
73.2%, 53.4%, and 41.8% and 60.8%, 45%, and 34%,
respectively. The authors showed that there was an
increase in the disease stage along with the increased
volume which affected survival. This study included
patients from all stages including N2s; however, the
present study examined the isolated effect of tumor
volume on prognosis and compared that with the tumor
diameter currently in use.

Chandrachud et al.'? calculated the cut-off value
of tumor volume as 36 cm?® in their study. They found
that the two-year survival rate was 66.7% in the patient
group below the cut-off value, compared to 25% in
the patient group above the cut-off value, indicating
a significant difference in survival between these
two groups (p=0.02). In the present study, the cut-off
value of tumor size was 29.69 cm? in the patient group.
The mean life expectancy was 53.6+1.5 months in
the patient group below the cut-off value, compared
to 48.2+1.8 months in the group below the cut-off
value. Three-year survival rates of these two groups
were 88.9% and 75.4%, respectively, and there was
a statistically significant difference (p=0.020). This
comparative study included all stages; however, the
present study considered only Stage I and II patients
to obtain more objective, target-specific data. Thus,
other data affecting lung cancer staging were excluded,
and only the results of the size and volume effect were
evaluated.

Previous multivariate analyses also showed the
effect of tumor volume on survival.''3 Similarly,
the present study demonstrated that increased tumor
volume had a negative effect on survival. The patients
with a tumor volume below the calculated cut-off value
had a longer survival.

Currently, positron emission tomography is also
one of the most commonly used imaging tools for lung
cancer staging. As it is well-known, the false negativity
rate is high in small-size lesions.!"*!*! Therefore, several
studies were conducted to investigate the association
between tumor volume and metabolic activity. The
study by Sridhar et al.l'¥ showed a statistically
significant increase in the metabolic activity along
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with the increased tumor volume (p<0.001). A PET-CT
study from Turkey, which included esophageal cancer
patients, showed that a one-unit increase in volume
caused a 1.1-fold increase in the risk ratio.!"!

The cut-off value was 2-3 cm in the T{NoMy patient
group and 3-7 cm in the T2NoMp patient group in the 7%
TNM staging.!'"! In the present study, the cut-off value
of T factor was 4.5 cm in the overall group. Tumor
volume is not used in the current staging system and
the present study offers a new perspective to staging.
The tumor volume at the calculated cut-off values was
shown to be more sensitive in estimating survival in
the study population than the T factor.

In conclusion, this study suggests that tumor
volume is of particular importance in prediction of
prognosis. In addition, tumor volume can be suggested
to guide in case that an adjuvant therapy is required.
Further studies including larger patient populations
would be helpful to suggest recommendations for the
calculation and consideration of the tumor volume
with the tumor diameter in lung cancer staging.
Following such studies, it would be possible to
formulate the hypothesis that additional treatment
planning is required in patients with a tumor volume
higher than the cut-off value.

Declaration of conflicting interests

The authors declared no conflicts of interest with respect to
the authorship and/or publication of this article.

Funding

The authors received no financial support for the research
and/or authorship of this article.

REFERENCES

1. Bailey JE. Lung cancer susceptibility genes. In: Roth JA,
Cox JD, Hong WK, editors. Lung Cancer. 3th ed. Texas:
Blackwell Publishing; 2008. p. 20-33.

2. Detterbeck FC, Boffa DJ, Tanoue LT. The new lung cancer
staging system. Chest 2009;136:260-271.

3. Isitmangil T, Balkanli K. Lung cancer staging. In: Yuksel M,
Kalayc1 G, editorler. Thoracic Surgery. Istanbul: Bilmedya
Group; 2001. s. 161-202.

4. Isitmangil T. The IASLC lung cancer staging Project:
proposals for the forthcoming Seventh Edition of the TNM
classification of non-small cell lung cancer. Turk Gogus Kalp
Dama 2008;16:58-64.

5. Goldstraw P, Crowley JJ: The International Association for
the Study of Lung Cancer international staging project on

10.

11.

12.

13.

15.

16.

17.

lung cancer. J Thorac Oncol 2006;1:281-6.

Massard G, Dabbagh A, Dumont P, Kessler R, Roeslin N,
Wihlm JM, et al. Are bilobectemies acceptable procedures?
Ann Thorac Surg 1995;60:640-5.

Icard P, Heyndrickx M, Galateau-Salle F, Rosat P, Lerochais
JP, Gervais R, et al. Does bilobectomy offer satisfactory
long-term survival outcome for non-small cell lung cancer?
Ann Thorac Surg 2013;95:1726-33.

Mountain CF, Carr DT, Anderson WA. A system for the
clinical staging of lung cancer. Am J Roentgenol Radium
Ther Nucl Med 1974;120:130-8.

Mountain CF. The relationship of prognosis to morphology
and the anatomic extent of disease: studies of a new clinical
staging system. In: Israel L, Chahinian AP, editors. Lung
Cancer, Natural History, Prognosis, and Therapy. New York:
Academic Press; 1976. p. 107-40.

Vallieres E, Shepherd FA, Crowley J, Van Houtte P, Postmus
PE, Carney D, et al. The IASLC Lung Cancer Staging
Project: proposals regarding the relevance of TNM in
the pathologic staging of small cell lung cancer in the
forthcoming (seventh) edition of the TNM classification for
lung cancer. J Thorac Oncol 2009;4:1049-59.

Jefferson MF, Pendleton N, Faragher EB, Dixon GR, Myskow
MW, Horan MA. ‘Tumour volume’ as a predictor of survival
after resection of non-small-cell lung cancer (NSCLC). Br J
Cancer 1996;74:456-9.

Chandrachud LM, Pendleton N, Chisholm DM, Horan
MA, Schor AM. Relationship between vascularity, age
and survival in non-small-cell lung cancer. Br J Cancer.
1997;76:1367-75.

Soydal C, Yuksel C, Kucuk NO, Okten I, Ozkan E,
Doganay Erdogan B. Prognostic Value of Metabolic
Tumor Volume Measured by 18F-FDG PET/CT in
Esophageal Cancer Patients. Mol Imaging Radionucl
Ther 2014;23:12-5.

. Detterbeck FC, Falen S, Rivera MP, Halle JS, Socinski

MA. Seeking a home for a PET, part 2: Defining the
appropriate place for positron emission tomography imaging
in the staging of patients with suspected lung cancer. Chest
2004;125:2300-8.

Gould MK, Maclean CC, Kuschner WG, Rydzak CE, Owens
DK. Accuracy of positron emission tomography for diagnosis
of pulmonary nodules and mass lesions: a meta-analysis.
JAMA 2001;285:914-24.

Sridhar P, Mercier G, Tan J, Truong M T, Daly B, Subramaniam
RM. FDG PET metabolic tumor volume segmentation and
pathologic volume of primary human solid tumors. AJR Am
J Roentgenol 2014;202:1114-9.

Rami-Porta R, Ball D, Crowley J, Giroux DIJ, Jett J, Travis
WD, et al. The IASLC Lung Cancer Staging Project:
proposals for the revision of the T descriptors in the
forthcoming (seventh) edition of the TNM classification for
lung cancer. J Thorac Oncol 2007;2:593-602.

637



