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ABSTRACT

Objective: To evaluate the prognostic potential of a new parameter, the Samatya ratio, calculated by dividing tumour volume by the
albumin-derived neutrophil-to-lymphocyte ratio (Alb-dNLR), in rectal cancer patients.

Study Design: Descriptive study.

Place and Duration of the Study: Department of General Surgery, Istanbul Education and Research Hospital, Istanbul, Turkiye, from
January 2019 to October 2023.

Methodology: The analysis was conducted involving 86 patients diagnosed with rectal cancer who underwent surgery. Patients with
ileus, tumour perforation or other confounding factors were excluded. Tumour volumes were calculated using MRI-based automated
segmentation, while Alb-dNLR was obtained from preoperative laboratory data. The Samatya ratio was computed and analysed using
ROC curve analysis, and its diagnostic performance was assessed for tumour perforation and carbohydrate antigen 19-9 (CA 19-9)
marker elevation. Statistical significance was set at p <0.05.

Results: The mean Samatya ratio was 1177.64 = 161. It was significantly associated with elevated CA 19-9 levels (p = 0.031) and
tumour perforation (p = 0.003). At a cut-off value of >1069.34, the Samatya ratio demonstrated 72.7% sensitivity and 69.3% specificity
for CA 19-9 levels (p <0.05), and at a cut-off value of >771.25, it demonstrated 84.6% sensitivity and 56.1% specificity for tumour perfo-
ration (p <0.05).

Conclusion: The results suggest that the Samatya ratio is a promising prognostic marker for rectal cancer, particularly in predicting
tumour perforation and CA 19-9 levels. Its preoperative calculation may enhance prognostic assessment and guide clinical decision--

making in oncology practice.
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INTRODUCTION

A widely prevalent subtype of colorectal cancer, rectal cancer,
accounts for a substantial proportion of cancer-related
morbidity and mortality worldwide." Numerous studies have
sought to predict prognosis in rectal cancer patients using
variousclinical, pathological, and molecular markers."? Despite
advancements in diagnostic imaging and biomarkers for prog-
nostic evaluation, identifying reliable preoperative prognostic
toolsstillremainsacritical need.*’

A significant indicator of disease progression and prognosis in
several malignancies, including rectal cancer, is tumour
volume.
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Studies have shown that larger tumour volumes are associated
with poorer survival outcomes and increased rate of recur-
rence.”® For instance, Tayyab et al. reported that rectal tumour
volumes are strongly correlated with oncological outcomes,
which makestumourvolumeacritical parameterforrisk stratifi-
cation and treatment planning.* In another study of patients
with rectal cancer, Jiang et al. showed that patients with large
tumours had significantly worse disease-free survival and
higherlocal recurrence rate than patients with smalltumours.’

Another emerging biomarker—the albumin-derived neutrophil-
to-lymphocyte ratio (Alb-dNLR)—integrates systemic inflam-
mation and nutritional status to provide a composite prognostic
score.” Alb-dNLR, calculated by dividing the serum albumin
level by the derived neutrophil-to-lymphocyte ratio (dNLR), has
gained attention for its predictive value in gastrointestinal
cancers.® Studies have shown that elevated dNLR and low
albumin levels independently predict poor outcomes in
colorectal and rectal cancers, and the combination of these
metricsenhances prognosticaccuracy.”’

This study introduces the Samatya ratio, calculated as the ratio
of tumour volume to Alb-dNLR, as a novel preoperative prog-
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nostic marker. By combining imaging-derived tumour volume
with a biochemicalinflammationindex, theaimwasto evaluate
the prognostic utility of the Samatya ratio in predicting
outcomes for rectal cancer patients, irrespective of neoadju-
vant treatment status. This approach may be a valuable addi-
tion to existing prognostic models and may help in developing
personalised treatmentstrategies.

METHODOLOGY

This retrospective study was conducted at the Department of
General Surgery, Istanbul Education and Research Hospital,
Istanbul, Turkiye, from January 2019 to October 2023. The
patients diagnosed with any stage of rectal cancer were
included in the study if they satisfied the following inclusion
criteria: Aged 18 years or older, had undergone surgical resec-
tion,and had available preoperative radiological and laboratory
data. Patients with ileus, iatrogenic tumour perforation, colon
perforation, secondary primary tumours, or macroscopic frag-
mentation were excluded to eliminate confounding variables.
Similarly, cases of electrocautery artefacts near the tumoursin
pathological specimens were excluded to avoid misinterpreta-
tion oftumour perforation.

Demographic, clinical, radiological, and pathological data were
retrospectively retrieved from the hospital’s electronic medical
records system. The collected patient data included age,
gender, BMI, laboratory test results (albumin, neutrophil count,
white blood cell count, etc.), radiological imaging reports, and
surgicaland pathology notes.

A power analysis was conducted using G*Power software to
determine the minimum sample size required for this study. On
the basis of prior literature and clinical expectations, the
authorsassumed a moderate effectsize (Cohen’sd =0.5)witha
significance level (a) of 0.05 and a power (1-B) of 0.80 (80%).
With these parameters, the minimum required sample size to
ensure adequate statistical powerin detecting significant asso-
ciations was 84 patients. The study sample consisted of 86
patients, which was sufficient to assess the diagnostic perfor-
mance of the Samatya ratio and its relationship with key prog-
nostic markers, such as CA 19-9 levels and tumour perforation,
aswellastoprovidereliable statistical outcomes.

Tumour volumes were measured using preoperative magnetic
resonance imaging (MRI) scans. An automated segmentation
tool, MedSeg.ai, was employed to outline the tumour boun-
daries on axial T2-weighted MRI images. Tumour volume was
determined in cubic millimetres (mm3) by integrating the
segmented areas across slices. Asample image demonstrating
the segmentationprocessisshowninFigurel1.

The total white blood cell count, neutrophil count, and serum
albumin levels were measured preoperatively, three days
before the surgery. The dNLR was calculated using formula:
dNLR = Neutrophil count / (WBC count—neutrophil count). Alb-
dNLR was calculated by dividing the serum albumin levels (g/L)
by dNLR.” Subsequently, the Samatya ratio was determined as
Samatyaratio =tumourvolume (mm?)/(Alb-dNLR).

Statistical analysis was performed using SPSS for Mac (version
29; SPSS Inc., Chicago, IL, USA) and MedCalc trial software.
Descriptive statistics were presented as frequencies and
percentages for categorical variables and as means, minimum,
maximum, and standard deviations (SD) for continuous vari-
ables. Areceiver operating characteristic (ROC) curve analysis
was performed to evaluate the performance of the Samatya
ratio in predicting tumour perforation and CA 19-9 elevation.
Each outcome was analysed separately to determine the
optimal cut-off values, sensitivity and specificity. The Youden
index was used to identify the threshold that maximised the
sum of sensitivity and specificity. Statistical significance was
setat p <0.05, and the area under the ROC curve (AUC) with a
95% confidenceinterval (Cl) was reported foreachoutcome.

A
Figure 1: Tumour tissue uploaded to the system appears to be coloured
blue by automaticsegmentation (Medseg.ai).
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Figure 2: ROC curves of the diagnostic performance of the Samatya ratio
onthetumourperforationfrequencies (A)and CA19-9levels(B).
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RESULTS

The study sample consisted of 86 patients, 31 (36.05%)
females and 55 (63.95%) males. The mean age of the patients
was 62 + 12 years (range: 32-86), and their mean body mass
index (BMI) was 25.3 + 4.95 kg/m?. The mean Samatya ratio
across all participants was 1177.64 £ 161. Anastomotic leaks
wereobservedin4.7% of patients, distantorgan metastasesin
6%, and tumour recurrence in 10%. Tumour perforation was
noted in 13% of pathological specimens, while incomplete
mesorectal excision was observed in 41%. Among the
patients, 61% had moderately differentiated adenocarci-
nomas. Other clinical and demographic parameters are
summarised in Table I.

Table Il shows ROC curve analysis of the diagnostic perfor-
mance of the Samatya ratio on the independent variables,
including CA 19-9 and CEA levels, the frequencies of perineural
invasion, lymphovascular invasion, extramural tumour
deposits, tumour perforation, mesorectum integrity, metas-
tasis, recurrence, anastomotic leakage, and tumour location
accordingtoperitoneal reflectionwasgiveninTablell.

The p-values in this table were calculated using the DelLong
test, which assesses whether the AUC is significantly different
from 0.5 (no discriminatory ability). A p-value <0.05 indicates
that the Samatya ratio has a statistically significant ability to
differentiate between patients with and without the specified
clinical condition. The Youden index was used to determinethe
optimal cut-off values by maximising the sum of sensitivity and
specificity. Statistical analyses were performed using MedCalc
trial software.

Table I: Demographic and clinical characteristics of patients.

Parameters Mean =* standard deviation
Age (years) 62 + 12

BMI (kg/m?) 25.3 £4.95

Tumour volume (mm?) 23516.56 + 22101.43
Albumin (g/L) 39.14 £ 5.22
Lymphocyte (10°/L) 1.15 + 0.58
Neutrophil (10°/L) 3.86 + 1.6

WBC (10°/L) 5.64 + 1.92

dNLR 2391 £ 1.34
Alb-dNLR 20.46 + 10.83
Samatya ratio 1177.646 + 16
SUVmax 23.75 £ 10.74

BMI: Body mass index, WBC: White blood cells, dNLR: Derived neutrophil-to-
lymphocyte ratio, Alb-dNLR: Albumin-derived neutrophil-to-lymphocyte ratio,
SUVmax: Maximum standardised uptake value.

The ROC curves of the ratio’s diagnostic performance vis-a-vis
the CA 19-9 level and tumour perforation frequency are also
showninFigure 2.

The analysis showed that the Samatya ratio was significantly
associated with CA 19-9 elevation (AUC = 0.695, 95% Cl:
0.587-0.790, p=0.031) and tumour perforation (AUC=0.729,
95% Cl: 0.622-0.819, p = 0.003). The optimal cut-off value for
predicting CA 19-9 elevation was >1069.34, with a sensitivity
of 72.73% and a specificity of 69.33%. For tumour perforation,
the cut-off value was >771.25, which yielded a sensitivity of
84.6% and a specificity of 56.1%. These findings suggest that
the Samatya ratio may serve as a useful prognostic marker for
rectal cancer, particularly foridentifying patients at higherrisk
fortumourperforationandelevated CA19-9 levels.

DISCUSSION

Numerous studies have sought to predict the prognosis of
rectal cancer patients using diverse biomarkers.'*** Alb-dNLR,
a biochemical indicator integrating systemic inflammation and
nutritional status, has emerged as a noteworthy prognostic
marker in gastrointestinal malignancies.” The present study
contributes to the growing set of biomarkers by introducing the
Samatyaratio asanovel prognostic markerforrectal cancer.To
the best of the authors’ knowledge, no previous study has
investigatedthisratio.

In this retrospective study of 86 patients, significant correla-
tionswerefound betweenthe Samatyaratioandtwokey clinical
outcomes: Tumour perforation and elevated CA 19-9 levels.
Tumour perforation, a critical prognostic factor associated with
advanced disease, was significantly linked to higher Samatya
ratios. Similarly, elevated CA 19-9 levels, often associated with
larger tumour burdens and poorer prognoses, were also corre-
lated with this novel metric. These findings align with earlier
results showing that CA 19-9 levels correlate strongly with
tumour volume and stage.***** Forinstance, Zhou et al. showed
that high CA 19-9 levels are directly related to metastasis and
tumourvolumein colorectal cancer patients. Moreover, CA19-9
levelshave beenreportedtoincrease withlarge tumourvolume
and poor prognosis.”” However, it has also been observed that
CA 19-9 levels do not increase uniformly in all cancer patients
andmay remaininthenormalrangeforsome patients.

Table II: ROC analysis of the diagnostic performance of the Samatya ratio on the independent variables.

Parameters AUC Cut-off Sensitivity (%) Specificity (%) 95% CI p-value
CA19-9 0.695 >1069.34 72.7 69.3 0.587-0.790 0.031
CEA 0.519 <771.25 57.6 54.7 0.408-0.628 0.774
Perineural invasion 0.573 >357.99 88.0 39.3 0.461-0.679 0.274
Lymphovascular invasion 0.554 >373.38 79.5 45.2 0.443-0.661 0.396
Extramural tumour deposits 0.530 >787.87 64.7 55.0 0.420-0.639 0.683
Tumour perforation 0.729 >771.25 84.6 56.1 0.622-0.819 0.003
Mesorectum integrity 0.550 >1707.18 29.2 86.6 0.439-0.657 0.434
Metastasis 0.617 <787.87 83.3 51.2 0.506-0.720 0.414
Recurrence 0.604 >861.70 80 59.2 0.493-0.708 0.296
Anastomotic leak 0.628 >2706.08 50 93.9 0.517-0.730 0.492
Below peritoneal reflection 0.546 >944.85 48.1 70.6 0.435-0.654 0.469

AUC: Area under the curve, Cl: Confidence Interval; CA 19-9: Carbohydrate antigen 19-9; CEA: carcinoembryonic antigen.
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Thus, although CA 19-9 is used for diagnostic and prognostic
purposes in rectal cancer patients, this parameter alone may
not be sufficient and may need to be evaluated along with
other clinical indicators. This highlights the potential utility of a
factor such as the Samatya ratio. In the present study, a signifi-
cant correlation was found between the Samatya ratio and
CA19-9, which supports the idea of using the ratio in combina-
tion with existing biomarkers for diagnosis and prognosis.

Research evidence has confirmed that inflammation is an indi-
cator of tumour progression in various types of cancers.”™
Markers such as the neutrophil-to-lymphocyte ratio (NLR) and
dNLR show prognostic value in rectal and other cancers.®*®
Alb-dNLR, which combines serum albumin levels, is a superior
predictor of survival in colorectal cancer.”’ In rectal cancer
patients receiving neoadjuvant chemoradiotherapy, Alb-dNLR
is shown to correlate significantly with prognosis.” Albumin’s
association with gastrointestinal cancer progression, particu-
larly colorectal cancer, has been widely studied.'® Using ROC
curves, Sun et al. found that Alb-dNLR outperformed other
gastric cancer prognostic indices."” However, while Alb-dNLR
reflects systemic inflammation and nutritional status, it does
not directly account for tumour burden, which is a critical
determinant of prognosis. Tumour volume, assessed via MRI-
based segmentation, provides direct insight into disease
extent and aggressiveness. By integrating tumour volume
with Alb-dNLR, the Samatya ratio offers a more comprehen-
sive prognostic approach that captures both systemic inflam-
matory response and tumour burden in a single parameter.
This novel index enhances preoperative risk stratification and
may provide additional prognostic value beyond Alb-dNLR
alone, particularly in predicting tumour perforation and CA
19-9 elevation. Given the multifactorial nature of rectal
cancer prognosis, combining these two parameters into a
unified metric could improve clinical decision-making and indi-
vidualised treatment planning.

Perforation through the tumour into the peritoneal cavity is
an adverse prognostic factor in colorectal cancer, according
to the colorectal cancer structured reporting protocol issued
by the Royal College of Pathologists of Australia."®* The Amer-
ican Pathologists protocol, citing Anwar et al., notes that prox-
imal perforation is a poor prognostic indicator.”” Tumour perfo-
ration is a visible defect connecting the bowel and serosa in
intact specimens.” Associated with locally advanced cancer,
it often follows tumour necrosis and adjacent inflammation or
results from iatrogenic injury during surgery.*® The prognostic
significance of tumour perforation is well-established, with
studies reporting reduced survival rates in cases of intraopera-
tive or spontaneous perfora- tions.”” A retrospective study by
Bundgaard et al. reported five-year survival rates of 40% for
intraoperative perforation, 28% for free perforation, 42% for
limited perforation, and 64% for non-perforated cases.”” In
the current study, the Samatya ratio differentiated patients
with tumour perforation at a cut-off level of >771.25,
supporting its predictive value. Excluding surgical inadequa-
cies, this cut-off aligns with the findings of Bundgaard et al.”

Reporting perforation, in high Samatya ratio groups may aid
prognosis, and survival analyses may enhance the ratio’s clin-
ical relevance.

Despite its contributions, this study has several limitations.
First, as a retrospective, single-centre study, the findings are
inherently susceptible to selection bias and may not fully
capture the variability of clinical practices across different
institutions. Second, the relatively small sample size (86
patients) limits the generalisability of the findings, particu-
larly for sub- analyses based on clinical or pathological
subgroups. Third, the study did not include long-term survival
or recurrence data, which impedes a thorough assessment of
the Samatya ratio’s utility in predicting overall and disease-
free survival. Finally, potential confounding factors, such as
comorbidities or treatment modalities, that could influence
the relationship between the Samatya ratio and clinical
outcomes were not considered. More prospective, multicentre
studies with larger cohorts and comprehensive follow-up data
are needed to validate these findings and explore their appli-
cability in clinical practice.

CONCLUSION

The Samatya ratio shows a statistically significant correlation
with preoperative cut-off values, tumour perforation observed
in pathological tissues and CA 19-9 levels in blood. Hence, it
can be used as a prognostic marker and may be valuable in
medical/radiation follow-up in rectal cancer patients. Future
studies should validate the prognostic utility of the Samatya
ratio in larger, multicentre cohorts and explore its integration
into treatment algorithms. Additionally, advanced survival
analyses incorporating this novel metric may further eluci-
date its role in guiding therapeutic decision-making.
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