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ABSTRACT

Background: Anastomotic leakage (AL) is the most serious complication of colorectal
cancer resection. The Colon Leakage Score (CLS) has no biochemical component and has
not been tested in Indonesian patients, many of whom have hypoalbuminemia.
Objective: To measure how accurately CLS >11 combined with preoperative albumin
<3.5 g/dL predicts AL, and to quantify what albumin adds to the CLS.

Methods: This retrospective STARD-guided study included 60 adults who underwent
colorectal cancer resection with primary anastomosis and no diverting stoma at Dr.
Mohammad Hoesin General Hospital, Palembang (January 2022 -June 2024). Accuracy
measures carry Wilson 95% confidence intervals (Cls). Albumin had not been cross-
classified against AL. Every contingency table matching the observed data was therefore
enumerated, with Firth regression across 19,977 admissible datasets.

Results: Thirteen patients (21.7%; 95% CI 13.1-33.6) developed AL, and 43 (71.7%)
were hypoalbuminemic. Six of seven composite-positive patients leaked, as did 7 of 53
composite-negative patients (odds ratio 35.6; exact 95% CI 3.6-1850.2; p < 0.001).
Sensitivity was 46.2% (23.2-70.9), below the 80% benchmark (p = 0.007). Specificity
was 97.9% (88.9-99.6), positive predictive value 85.7% (48.7-97.4) and negative
predictive value 86.8% (75.2-93.5). Seven of eight CLS-high patients were
hypoalbuminemic; albumin reclassified one. CLS >11 was associated with AL in all 15
admissible tables (odds ratio 19.3-53.7). The albumin association (0.23-15.5) could not
be identified.

Conclusion: The composite works as a high-specificity rule-in criterion, and the CLS
carries its discrimination. It misses more than half of all leaks. Widespread
hypoalbuminemiais a separate nutritional target that deserves prospective evaluation.

1. Introduction

Colorectal cancer made up 9.6% of all new cancers and 9.3% of
cancer deaths worldwide in 2022. It ranked third for incidence
and second for mortalityl. Asia carries half of the global
caseload. There were 966,400 new cases in 2022, one in ten of
them in younger adults, and cases are projected to reach 1.87
million by 20502. Early-onset disease is rising across the Asia-
Pacific region, and its mortality has increased by 10.6% in
Southeast Asia3. Indonesian registry data show the same trend.
Incidence in Yogyakarta rose by 13.4% per year between 2008
and 20194. Among hospital patients, 11.7% were younger than
50 years, and these patients were often underweight at
presentation®. For localized disease, the curative treatment
remains resection of the tumor-bearing segment with
restoration of intestinal continuity. The integrity of the
anastomosis therefore shapes both survival and quality of life.

Anastomotic leakage (AL) often turns a curative operation
into a life-threatening one. In German national data on 690,690
resections, AL followed 6.7% of colon and 9.2% of rectal
resections, and in-hospital mortality rose from 7.1% to 20.1%
after colonic leakageé. Korean nationwide claims give a 30-day
AL rate of 5.98%, with longer stays and higher costs’. In the
binational Australian and New Zealand audit, AL complicated
5.0% of anastomoses yet preceded 21.4% of all postoperative
deaths8. Rates are higher after mid and low rectal surgery
(13.6%)°. A published Indonesian single-center series reports
25.9%10. The consequences reach beyond the index admission.
AL independently shortens overall survival (hazard ratio
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2.08)11, and after right colectomy it halves five-year recurrence-
free survival (43.6% vs80.3%)12. After rectal resection, only 43-
45% of patients are stoma-free at one year!3, and the odds of a
permanent stoma rise eightfoldl4. First-year hospital costs
roughly quadruplel5. Comparison across settings is difficult.
Only 7 of 38 countries keep national registries that capture leak
outcomes, and the variables they record differ widely16.

Leak risk depends on patient, disease and operative factors. A
meta-analysis of 115,462 colon cancer resections named male
sex, diabetes, an American Society of Anesthesiologists (ASA)
class of III or higher, open surgery and emergency surgery as
independent predictorst’. In a recent single-center series,
emergency resection without diversion raised the leak rate from
5.3% to 19.7%?18. Of all these factors, nutritional status is the
easiest to modify. A meta-analysis of 33 studies (31,108
patients) linked lower preoperative albumin to AL (odds ratio
[OR] 2.67; 95% CI 1.85-3.87), with an optimal risk threshold of
3.75 g/dL19. A second meta-analysis tied hypoalbuminemia to
postoperative morbidity after colorectal cancer surgery (risk
ratio 2.28)20. Albumin, though, is also a negative acute-phase
protein. Low levels follow systemic inflammation as closely as
nutritional risk2!, and albumin drops by about 5 g/L within
three days of any major operation while C-reactive protein
(CRP) climbs22. In one enhanced recovery after surgery (ERAS)
program, preoperative albumin was similar in patients who
leaked and those who did not (39 vs 38 g/L)23. Whether albumin
adds information to an established clinical score is thus an
empirical question, not a physiological certainty.
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The Colon Leakage Score (CLS) combines 11 patient and
operative variables into a score from 0 to 43 points. In its Dutch
test cohort of 121 patients it discriminated well (area under the
curve [AUC] 0.95), with an OR of 1.74 per point24. External
validations have been smaller and less favorable. A Mexican
series of 208 left-sided resections without diversion found an
AUC of 0.898. At the conventional cut-off of 11, sensitivity was
53% and specificity 93%25. An Indian prospective study
preferred a cut-off above 926, In a Chinese cohort, 47.8% of
patients were classified as CLS >1127. Systematic reviews of 9
and 31 leak-prediction scores found that most had never been
externally validated. They rated the CLS at high risk of bias, and
albumin entered only one of nine published scores28:29.
Performance often falls on external testing. A random-forest
model dropped from an AUC of 0.78 to 0.603°, a gradient-
boosting model from 0.984 to 0.70331, and a right-colectomy
score from 0.64 to 0.5932. Nationwide models built from routine
preoperative variables plateau near an AUC of 0.63-0.693334.
Albumin has entered several nomograms as an independent
predictor3536, The only Indonesian study to examine albumin
and the CLS together enrolled 32 patients with two leaks, and it
detected no correlation with either37.

Three gaps remain. First, nobody has reported the accuracy
of the CLS against a defined leak outcome in an Indonesian
population. Heavily weighted score items such as low
anastomosis and neoadjuvant therapy may rarely apply there,
whereas hypoalbuminemia is common. Second, adding albumin
to a clinical score is intuitive, but no one has examined whether
albumin changes any classification beyond the CLS. Third,
retrospective series in this setting seldom record every joint
distribution needed for full multivariable analysis, and the
defensible inferential limits of such data are rarely stated. This
study had three aims. The primary aim was to determine the
predictive accuracy of a composite criterion (CLS >11 and
preoperative serum albumin <3.5 g/dL) for AL after colorectal
cancer resection with primary anastomosis at Dr. Mohammad
Hoesin General Hospital, Palembang. The benchmark was a
threshold of 80% for both sensitivity and specificity, taken from
the literature before analysis. The secondary aims were to
quantify the contribution of each component, using exact
enumeration wherever the joint distribution had not been
recorded, and to describe the cohort's risk profile against
published populations.

2. Methods

Study design and setting

This retrospective, single-center study of predictive accuracy is
reported according to the Standards for Reporting of Diagnostic
Accuracy Studies (STARD 2015)38. The index test was a
preoperative and intraoperative risk classification. The
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reference standard was the later occurrence of AL, so the study
estimates prognostic accuracy rather than concurrent
diagnostic accuracy. It took place in the Department of Surgery
of Dr. Mohammad Hoesin General Hospital, Palembang, the
tertiary referral and academic hospital for South Sumatra
Province, Indonesia. Inpatient and outpatient medical records
from January 2022 to June 2024 were reviewed.

Participants and eligibility

All adults (218 years) with histologically confirmed primary
colorectal adenocarcinoma (stage I-1V) who underwent
resection with a primary anastomosis during the study period
were eligible. Exclusions were non-adenocarcinoma histology, a
known synchronous primary malignancy, a previous colorectal
resection, and a record from which any of the 11 CLS items or
the preoperative albumin value could not be abstracted.
Patients with a protective (diverting) ileostomy or colostomy at
the index operation were also excluded. This last criterion
ensured that fecal diversion could not mask clinical leakage. Its
consequences for the spectrum of included patients are
addressed in the Discussion. Total (consecutive) sampling was
used, so every patient who met the criteria entered the study.

Sample size

The planned sample size came from the single-proportion
formula n = Z2a/2 x P(1 - P) / d?, with Za/2 = 1.96, an
anticipated leak proportion P = 0.217 and an absolute precision
d = 0.10. The minimum was 66 patients, and 60 eligible patients
were available. The planning value equals the leak rate later
observed in the cohort. The calculation is therefore reported as
a statement of achieved precision, and the minimum of 66
patients was not reached. With 60 patients, the 95% Wilson
interval for the leak rate has a half-width of 10.2 percentage
points.

Variables and data collection

A standardized form was used to abstract data from inpatient
and outpatient records. The CLS was calculated for each patient
fromits 11 items: age, sex, ASA physical status, body mass index
(BMI), intoxication (smoking, alcohol, current steroid use),
neoadjuvant therapy, emergency surgery, distance of the
anastomosis from the anal verge, additional procedures, blood
loss and transfusion, and operative duration. Emergency
surgery meant an operation within 24 hours of admission for
obstruction, perforation or uncontrolled hemorrhage. All
emergency operations in this cohort were for obstruction. An
additional procedure was any concurrent major intra-
abdominal procedure beyond a standard colectomy, for example
cholecystectomy, extensive adhesiolysis or small-bowel
resection. Blood loss was the surgeon's intraoperative estimate,
based on suction-canister volume and swab inspection.
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Table 1. Colon Leakage Score items, point allocation and study definitions

Age, years <60 (0); 60-69 (1); 70-79 (2); =80 (4)

Sex Female (0); male (1)
ASA physical status

Body mass index, kg/m?

Intoxication

Neoadjuvant therapy

Emergency surgery

Distance of anastomosis from anal verge, cm
Additional procedure

Blood loss, mL (and transfusion)

Duration of operation, h:min

CLS risk category

Hypoalbuminemia

Composite index test

Reference standard: anastomotic leakage

No (0); yes (1)

1(0); 11 (1); 111 (3); IV (6)

19-24 (0); 25-30 (1); >30, <19 or weight loss >5 kg in 6 months (3)

None (0); smoking (1); alcohol >3 units/day (1); current steroids, excluding inhalers (4)
None (0); radiotherapy (1); chemoradiation (2)

None (0); bleeding (2); obstruction (3); perforation (4)

>10 (0); 5-10 (3); <5 (6)

<500 (0); 500-1000 (1); 1001-2000 (3); >2000 (6)

<2:00 (0); 2:00-2:59 (1); 3:00-3:59 (2); 24:00 (4)

Total 0-43; high risk >11

Serum albumin <3.5 g/dL, most recent value <7 days before surgery

Positive if CLS >11 and albumin <3.5 g/dL; negative otherwise

21 of: clinical intra-abdominal sepsis; purulent or fecal drain/wound discharge; radiological leak

(contrast extravasation or peri-anastomotic collection); defect seen at relaparotomy

Notes: ASA, American Society of Anesthesiologists; CLS, Colon Leakage Score.

Preoperative serum albumin was the latest value measured
within seven days before surgery. Hypoalbuminemia meant a
value below 3.5 g/dL. The index test was a composite. A patient
was test-positive only when both criteria were met (CLS >11 and
albumin <3.5 g/dL), and every other patient was test-negative.
Both components were fixed before the outcome could occur:
albumin before surgery, and the CLS at the end of the operation.
The CLS cut-off, the albumin threshold and the 80% accuracy
criterion all came from the published literature before analysis.
Because the thresholds were taken from the literature and not
selected in this cohort, optimism from threshold selection is
limited. The albumin cut-off of 3.5 g/dL differs from the optimal
threshold of 3.75 g/dL reported in a meta-analysis!?.

The reference standard was clinical AL. It was recorded when
at least one of the following was documented after surgery: (1)
clinical signs of intra-abdominal sepsis (persistent fever,
tachycardia, intractable abdominal pain); (2) purulent or fecal
discharge from a drain or the wound; (3) unequivocal
radiological evidence (contrast extravasation on computed
tomography or enema, or a significant peri-anastomotic
collection); or (4) direct visualization of an anastomotic defect
atrelaparotomy. The International Study Group of Rectal Cancer
grade, the postoperative day of diagnosis and the confirming
modality were not recorded. Abstraction was not blinded to
outcome. Index-test and reference-standard data were complete
for all 60 analyzed patients, so no imputation was needed.

Statistical analysis

Descriptive statistics were produced in SPSS version 27.0.
Python 3.14 with SciPy 1.18.1, statsmodels 0.15.0 and NumPy
2.4.4 was used for all other analyses. Categorical variables are
given as counts and percentages with 95% Wilson score
intervals. Continuous variables are given as printed medians,
with interquartile range (IQR) where recorded. An exact
binomial test compared the female proportion with parity. One-
sample exact binomial tests compared cohort proportions with
reference values from published populations: national and
regional leak rates, hypoalbuminemia prevalence and the
proportion of patients with CLS >11. Effect sizes are expressed
as Cohen's h, and p values were adjusted with the Holm
procedure across the eight comparisons. Sensitivity and
specificity of CLS >11 were compared with the Mexican
validation25> by one-sample exact binomial tests against the
published proportions (53% and 93%).

Accuracy of the composite was derived from the observed
2x2 table: sensitivity, specificity, positive and negative
predictive values (PPV, NPV) and overall accuracy, with Wilson
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intervals (Clopper-Pearson intervals served as a sensitivity
check). Positive and negative likelihood ratios (LR+, LR-; log
method), the diagnostic odds ratio, the Youden index | =
sensitivity + specificity — 1 and the balanced accuracy are also
reported. Balanced accuracy equals the AUC of a binary test. The
conditional maximum-likelihood OR with an exact confidence
interval, together with Fisher's exact test, summarized the
association between test result and outcome. The risk ratio, the
risk difference with a Newcombe hybrid-score interval, the phi
coefficient and Cohen's x are reported as well. One-sided exact
binomial tests examined the criterion of good accuracy set
before analysis (sensitivity and specificity both >80%), and the
power of the sensitivity test was calculated for the observed
number of leaks. A tipping-point analysis tested robustness to
outcome misclassification by reclassifying false-negative leaks
as non-leaks, one at a time. Bayes' theorem gave predictive
values at other leak prevalences, with 95% bands from Jeffreys
beta posteriors of sensitivity and specificity.

In the patient records, leakage was not cross-classified
against albumin or against any covariate other than the
composite. The analysis therefore had two pieces of observed
joint information. First, by definition of the composite, all seven
composite-positive patients belonged to the eight with CLS >11.
The CLS x albumin cross-classification is thus fully determined.
Second, the composite 2x2 fixes the leak count in the doubly
positive stratum. The other seven leaks, found among the 53
composite-negative patients, can be spread over three strata:
CLS >11 with normal albumin (n = 1, b leaks), CLS <11 with
hypoalbuminemia (n = 36, c leaks) and CLS <11 with normal
albumin (n = 16, d leaks). The only constraints areb+c+d=7
and b < 1. All 15 such tables were enumerated. This sensitivity
analysis is labeled S1. For comparison, SO enumerated every
table that matches the printed margins alone.

Each admissible table yielded the OR for leakage by CLS >11
alone and by albumin <3.5 g/dL alone, with a Haldane-
Anscombe correction forzero cells. Fisher's exact p, Cramér's V,
the risk difference, sensitivity, specificity and AUC were
computed as well. Firth-penalized logistic regression models
were fitted with both components and with their interaction,
and p values came from profile penalized-likelihood ratio tests.
The Cochran-Armitage trend statistic and AUC for a0-1-2 count
of risk factors were also calculated, along with the net
reclassification improvement (NRI) of the composite over CLS
>11 alone. Results are given as the attainable minimum and
maximum and as the percentage of admissible tables reaching p
< 0.05. Each table was weighted by the number of patient-level
arrangements it represents, which gives the percentage of
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admissible datasets. This weighting is equivalent to assuming
that leaks among composite-negative patients are exchangeable
across the three strata, with no association within them. The
weighted percentages therefore describe the null-centerd part
of the admissible space. They are not probabilities that an
association exists. Margins-only (SO) bounds were also
computed for sex, age 260 years, ASA III, stage III-IV and
emergency surgery.

The multivariable layer used 20,000 admissible patient-level
datasets. Each preserved every printed margin, the composite
table and the CLS x albumin cross-classification. The remaining
seven leaks were allocated at random among the composite-
negative patients, and the label vectors for male sex, age 260
years, ASA III, stage III-IV and emergency surgery were
permuted independently. A Firth model with all seven
predictors was fitted to each dataset, with Wald p values from
penalized standard errors. A fit was accepted only if the design
matrix had full rank, the information matrix had a condition
number below 108, the penalized score was below 10-5 and
every |B| was below 15. Eight parameters and 13 events make
this model a stress test rather than an estimate. A parsimonious
model (CLS >11, albumin and emergency surgery) was therefore
fitted across 20,000 further datasets. Wald and profile
penalized-likelihood inference were compared for the two
index-test components in 1,000 datasets. For each coefficient,
two constructed and three random starting arrangements were
each followed by 600 label swaps of hill-climbing towards the
coefficient's extremes. The reported extremes are the most
extreme values found, and they are lower bounds on the
attainable range. Several covariates are themselves CLS items,
so independent permutation admits some structurally
impossible datasets. The admissible space is thus a superset of
the feasible space. Its ranges are outer bounds, and its
percentages are not probabilities. The interpretive rule was

fixed in advance, before any model was run. If an attainable
range spans the null, the data cannot identify the association,
and this is reported as aresult. Ifa range lies wholly on one side
of the null, the conclusion holds for every dataset that matches
the observations. These analyses use only the space of datasets
that match the observed counts. Patient-level values were not
imputed or presented as measured. The 20,000 patient-level
datasets were generated from the observed margins for the
sensitivity analysis only and are not patient data. All tests were
two-sided with a = 0.05, and p values are reported to three
decimals.

Ethics

The study protocol was approved by the CMHC Research Center
Ethics Committee, Indonesia (approval No. 2024/8421) in 2024
for the retrospective analysis of anonymized medical records.
The requirement for individual informed consent was waived
because the study used existing, de-identified records only. The
study was conducted in accordance with the Declaration of
Helsinki.

3. Results

Participants and baseline characteristics

Sixty patients met the eligibility criteria and were analyzed. All
had complete index-test and reference-standard data, and no
index-test result was inconclusive (Figure 1). Table 2 and Figure
2 present the baseline characteristics. Women comprised 55.0%
of the cohort (33/60; 95% CI 42.5-66.9), a proportion not
different from parity (exactp = 0.519; h = 0.10). The median age
was 58 years. Forty patients (66.7%; 54.1-77.3) were younger
than 60 years, 15 (25.0%) were aged 60-69 years and 5 (8.3%)
were 70 years or older. Most patients were ASA II (43; 71.7%);
12 (20.0%) were ASA I and 5 (8.3%) were ASA III. The median
BMI was 22.5 kg/m2 (IQR 20.8-25.0).

Adults with colorectal adenocarcinoma who underwent
resection with primary anastomosts al Dr. Mohammisd Hoesin
General Hospltal, Palembang, funuary 2022-june 2024

(total sampling of records)

Exchuded®
o diverting Hecatomy or colostomy
& poteadenacaranoms or synciiromnous

'

\a priomary malignancy

s previous rolorectal resection

o CLS ey or albnomdn not
sbatractalile

Eligible and analyzed: n = 60

index test complete 60 « reference standard complete 60

Inconclusive index-test results 0

Z

\

Compaosite positive
(CLS > 11 and altbumin <3.5 g/dl)

n=7

Lomposite negative

(CLS 211 or slbamin 23.5 g/dL)

n=53

LN

LN

p
Leakage No leakage
n=o6 n=1
\.

Leakage

=) =)

Figure 1. STARD participant flow. Adults with colorectal adenocarcinoma who underwent resection with primary anastomosis at Dr.
Mohammad Hoesin General Hospital, Palembang (January 2022 -June 2024). Diverted patients were excluded. All 60 analyzed patients had
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complete index-test (Colon Leakage Score [CLS] and preoperative albumin) and reference-standard (anastomotic leakage) data. The number
screened and excluded under each criterion was not retained.

Table 2. Baseline and clinical characteristics of the cohort (n = 60)

95% Wilson CI, %

Female 33 (55.0) 42.5-66.9

Male 27 (45.0) 33.1-57.5
Age

Median age, years 58 —

<60 years 40 (66.7) 54.1-77.3

60-69 years 15 (25.0) 15.8-37.2

270 years 5(8.3) 3.6-18.1
ASA physical status

I 12 (20.0) 11.8-31.8

11 43 (71.7) 59.2-81.5

111 5(8.3) 3.6-18.1

Median BM], kg/m2 (IQR) 22.5 (20.8-25.0) —
Pathological stage

I 3(5.0) il7=1187

11 22 (36.7) 25.6-49.3

111 31 (51.7) 39.3-63.8

1\ 4 (6.7) 2.6-15.9
Operative profile

Neoadjuvant therapy 0 (0.0) 0.0-6.0

Emergency surgery (obstruction) 10 (16.7) 9.3-28.0

Anastomosis >10 cm from anal verge 58 (96.7) 88.6-99.1
Index-test components

Albumin <3.5 g/dL 43 (71.7) 59.2-81.5

Albumin <3.5 g/dL, elective patients (lower bound) 233/50 (266.0) 52.2-77.6

CLS>11 8(13.3) 6.9-24.2

Composite positive 7 (11.7) 5.8-22.2
Outcome

Anastomotic leakage 13 (21.7) 13.1-33.6
Operative medians

Blood loss, mL 700 —

Operative duration, min 195 _

Female proportionvs parity: exact binomial p = 0.519 (Cohen's h = 0.10). Medians are reported as recorded; interquartile ranges for age, blood loss and operative duration

were not recorded. BM1, body mass index; CI, confidence interval; CLS, Colon Leakage Score.

u/N % (95% CI)

Sex
Female — e 33/60 55.0% (42.5-66.9)
Male —r— 27/60 45.0% (33.1-57.5)
Age
Age <60y . 40/60 66.7% (54.1-77.3)
Age 60-69 y —— 15/60 25.0% (15.8-37.2)
Age =70y sow 5/60 H.3% (3.6-1101)
ASA physical status
ASA D —e— 12/60 20.0% (11.8-31.8)
ASA N —a— 43/60 71.7% [59.2-8B1.5)
ASATIL g 5/60 8.3% {3.6-181)
Pathological stage
Stage | - 3/60 5.0% (1.7-13.7)
Stage Il —.— 22/60 36.7% (25.6-49.3)
Stage I11 —_—— 31/60 51.7% (39.3-631.8)
Stage [V vow 4/60 6.7% (2.6-159)
Operative profile
Emergency surgery (obstruction)  sese 10/60 16.7% (9.3-28.0)
Anastomosis =10 cm from anal verge - 53/60 96.7% (88.6-99.1)
Neoadjuvant therapy »= 0/60 0,0% (0.0-6.0)
Index-test components
Hypoalbuminemia (<3.5 g/dL) —_—— 43/60 71.7% (59.2-81.5)
CLS >11 (high risk) e 8/60 13.3% (69-242)
Composite positive  =s— 7/60 11.7% {5.8-222)
Outcome
Anastomotic leakage e 13/60 21.7% [13.1-33.6)
I T T L T L)

0 20 40 60 B0 100
Proportion of cohort, % (959 Wilson C)

Figure 2. Cohort profile (n = 60). Points are proportions and horizontal bars 95% Wilson confidence intervals; values are given at righ t. Slate
blue: patient, disease and operative characteristics; gold: index-test components; orange-red: outcome. ASA, American Society of
Anesthesiologists; CLS, Colon Leakage Score.
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Disease was predominantly locoregionally advanced. Thirty-
one patients (51.7%; 39.3-63.8) had stage Il and 22 (36.7%;
25.6-49.3) stage II disease, together 53 (88.3%; 77.8-94.2); 3
(5.0%) had stage I and 4 (6.7%) stage 1V disease. No patient had
received neoadjuvant therapy (0/60; 95% CI 0.0-6.0). Ten
operations (16.7%; 9.3-28.0) were emergencies for malignant
obstruction. The anastomosis lay more than 10 cm from the anal
verge in 58 patients (96.7%; 88.6-99.1). The median
intraoperative blood loss was 700 mL and the median operative
duration 195 minutes.

Hypoalbuminemia was present in 43 patients (71.7%; 59.2-
81.5). Eight patients (13.3%; 6.9-24.2) had CLS >11, and 7
(11.7%; 5.8-22.2) met the composite criterion. Anastomotic
leakage occurred in 13 patients (21.7%; 13.1-33.6).

The cohort against published populations

Table 3 and Figure 3 compare the cohort with reference
populations. The leak rate of 21.7% was higher than the national
colon rate in Germany (6.7%; h = 0.44; Holm-adjusted p <

Table 3. Cohort proportions compared with previous studies.

Reference population This cohort, % (95%
cn

0.001), the Korean nationwide rate (5.98%; h =0.47; p< 0.001)
and the rate in a Mexican CLS validation cohort without
diversion (7.2%; h=0.43; p=0.001). Itwas similar to the 25.9%
reported from Samarinda, Indonesia (h = -0.10; p = 0.556).
Hypoalbuminemia was far more prevalent than in a Chinese
series of 7,072 resections (15.2%; h=1.22; p <0.001), and in the
range of reports from Pakistan (58.9%; unadjusted p = 0.049,
Holm p = 0.147) and Syria (61.3%; Holm p = 0.224). The
proportion with CLS >11 was much lower than in a Chinese
cohort (13.3% vs 47.8%; h = -0.78; p < 0.001). Two-sample
exact tests, which account for the comparators' own sampling
error, gave the same conclusions: leakage vs the Mexican cohort
OR 356 (p = 0.003) and vs Samarinda p = 0.662;
hypoalbuminemia vs Pakistan p = 0.105; CLS >11 vs the Chinese
cohort OR 0.17 (p < 0.001). The hypoalbuminemia excess was
not explained by emergency presentations. Even if all ten
emergency patients were hypoalbuminemic, at least 33 of the 50
elective patients (66.0%; 95% CI 52.2-77.6) were, still far above
the Chinese reference (p < 0.001).

Referen | Cohen’ Two-sample:
ce, % sh comparator n/N;
p
0.44 —

Anastomotic Germany, national colon cancer 13/60:21.7 (13.1- 6.7 <0.001 | <0.001
leakage resectionsé 33.6)
Anastomotic Korea, nationwide colorectal 13/60: 21.7 (13.1- 5.98 0.47 <0.001 | <0.001 —
leakage resections’ 33.6)
Anastomotic Mexico, left-sided resections 13/60: 21.7 (13.1- 7.2 0.43 <0.001 0.001 15/208; OR 3.56;
leakage without stoma, CLS cohort? 33.6) p 0.003
Anastomotic Indonesia, Samarinda, elective 13/60:21.7 (13.1- 25.9 -0.10 0.556 0.556 14/54; OR 0.79; p
leakage primary anastomosis10 33.6) 0.662
Hypoalbuminemia | China, 7,072 colorectal cancer 43/60:71.7 (59.2- 15.2 1.22 <0.001 | <0.001 —
<3.5 g/dL resections3? 81.5)
Hypoalbuminemia | Pakistan, colorectal cancer surgical 43/60: 71.7 (59.2- 58.9 0.27 0.049 0.147 73/124; OR 1.77;
<3.5 g/dL patients# 81.5) p 0.105
Hypoalbuminemia | Syria, elective sigmoid/rectal 43/60: 71.7 (59.2- 61.3 0.22 0.112 0.224 —
<3.5 g/dL resections* 81.5)
CLS>11 China, colorectal resections?’ 8/60:13.3 (6.9-24.2) 47.8 -0.78 <0.001 | <0.001 | 54/113;0R0.17;
p <0.001
CLS, Colon Leakage Score.
=& this cohort with 95% Wilson CI @ published reference value
Leakage vs GErmany € s 21.7vs 6.7 h=044; p<0.001; Holm < 0.001
Leakage vs Korea @ e @u— 21.7 v 598; h=047; p < 0.001; Holm < 0.001

LeaKage vs Mexico @ s—@em—

217 vs 7.2 h = 0.43; p < 0.001; Holm 0.001

Leakage vs Indonesia —_—— 21.7 vs 25.9; h = -0.10; p = 0.556; Holm 0.556
Albumin <3.5 g/dL vs China © —— 71.7vs 152, h =122, p < 0.001; Holm < 0.001
Albumin <3.5 g/dL vs Pakistan S—o-— 71.7vs 589, h =027, p = 0.049, Holm 0.147
Albumin <3.5 g/dL vs Syria —o— 71.7vs 613, h=022; p=0.112; Holm 0.224
CLS>11vs China  eegm— > 13.3vs 47.8; h=-0.78; p < 0,001; Holm < 0,001
! 1 | | 1 1
0 20 40 60 80 100

Proportion, %

Figure 3. The cohort against previous studies. Circles with bars: this cohort with 95% Wilson confidence intervals; diamonds: published
reference proportions. Text at right gives the reference value, Cohen's h and exact binomial p values (unadjusted and Holm -adjusted). CLS,
Colon Leakage Score.

97.4), the NPV 86.8% (46/53; 75.2-93.5) and the overall
accuracy 86.7% (52/60; 75.8-93.1). The LR+ was 21.69 (2.86-
164.51), an interval whose width reflects a single false-positive
result, and the LR- 0.55 (0.33-0.91), giving a diagnostic odds
ratio of 39.4 (4.1-378.4). A positive result was associated with

Accuracy of the composite criterion

Six of the seven composite-positive patients and 7 of the 53
composite-negative patients developed AL (Table 4; Figure 4).
Sensitivity was 46.2% (6/13; 95% CI 23.2-70.9) and specificity
97.9% (46/47; 88.9-99.6). The PPV was 85.7% (6/7; 48.7-
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leakage: conditional OR 35.6 (exact 95% CI 3.6-1850.2), Fisher's
exact p < 0.001, risk ratio 6.49 (3.05-13.79) and risk difference
72.5 percentage points (33.7-86.0). The Youden index was 0.44

(0.17-0.71), the balanced accuracy 0.720 (0.583-0.857), the phi
coefficient 0.56 and Cohen's k 0.53.

Table 4. Accuracy of the composite criterion (CLS >11 and albumin <3.5 g/dL) for anastomotic leakage

[indextest — T leakage Nolleakage CTotal
Composite positive 6 1 7
Composite negative 7 46 53
Total 13 47 60

‘ Estimate 95% CI (Wilson or stated) 95% CI (Clopper-

Pearson
Sensitivity 6/13 46.2 23.2-70.9 19.2-74.9
Specificity 46/47 97.9 88.9-99.6 88.7-99.9
Positive predictive value 6/7 85.7 48.7-97.4 42.1-99.6
Negative predictive value 46/53 86.8 75.2-93.5 74.7-94.5
Overall accuracy 52/60 86.7 75.8-93.1 75.4-94.1
Leakage among test-negative patients 7/53 13.2 6.5-24.8 5.5-25.3
Positive likelihood ratio — 21.69 2.86-164.51 —
Negative likelihood ratio — 0.55 0.33-0.91 —
Diagnostic odds ratio — 39.4 4.1-378.4 —
0dds ratio (conditional MLE; exact CI) — 35.6 3.6-1850.2 —
Risk ratio, positive vs negative — 6.49 3.05-13.79 —
Risk difference, percentage points — 72.5 33.7-86.0 —
Youden index | — 0.44 0.17-0.71 —
Balanced accuracy (AUC of a binary test) — 0.720 0.583-0.857 —
Fisher's exact test — p<0.001 — —
Phi coefficient; Cohen's k — 0.56; 0.53 — —
Sensitivity vs 80% (one-sided exact) = p =0.007 — —
Specificity vs 80% (one-sided exact) — p<0.001 — —
Power of the sensitivity test (13 leaks) — rejectif <7 power 80% at true Sn 46%; =
detected; a = 71% at 50%
0.030

Estimates are percentages unless a ratio or index s stated. Likelihood ratios and diagnostic odds ratio: log-method CIs; risk difference: Newcombe hybrid-score CI. AUC, area
under the curve; CLS, Colon Leakage Score; MLE, maximum-likelihood estimate.

Reference standard B0 benchmark
Leakage No leakage Sensitivity 6/13 _— 46,2 (23.2-70.9)
(n=13) (n=47)

trite positive Specificity 46/47 — 97.9 (B8.9-99.6)

Composite
positive

m=7 6 3 |

fnlse positive

PPV 6/7 _{-.— 85.7 (48.7-97.4)

1
el

NPV 46/53 86,8 (75.2-93.5)
I
false negative  true negative |
Composite :
negative Accuracy 52/60 -l 867 (75.8-93.1)
(n=53) 7 46

|
|
T

I 1 T 1 1

0 20 40 60 80 100
Estimate, %; (95% Wilson Ci)

Figure 4. Accuracy of the composite criterion (Colon Leakage Score >11 and albumin <3.5 g/dL). Left: observed 2x2 table against the
reference standard. Right: sensitivity, specificity, predictive values and accuracy with 95% Wilson confidence intervals; the dashed line marks
the 80% benchmark. NPV, negative predictive value; PPV, positive predictive value.

The criterion of good accuracy set before analysis was not
met. Sensitivity was significantly below 80% (one-sided exact p
= 0.007) and indistinguishable from 50% (p = 1.000), whereas
specificity exceeded 80% (p < 0.001). With 13 leaks, the exact
test rejects a sensitivity of 80% when 7 or fewer leaks are
detected (actual a = 0.030). Its power is 80% if the true
sensitivity is 46% and 71% if it is 50%, so the test was
adequately powered only against the low sensitivity actually
observed. Seven of the 13 leaks (53.8%) occurred in composite-
negative patients, and 13.2% of test-negative patients leaked

Firyal et al.

(7/53; 95% CI 6.5-24.8). A positive result raised the probability
of leakage from the pre-test 21.7% to 85.7%; a negative result
lowered it only to 13.2%.

The shortfall in sensitivity was robust to outcome
misclassification (Figure 5). If one of the seven missed leaks had
been a false diagnosis, sensitivity would be 50.0% (p = 0.019
against 80%). The shortfall loses formal significance only if at
least two of them were misdiagnosed (54.5%; p = 0.050).
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Figure 5. Tipping-point analysis for outcome misclassification. Sensitivity (points) and 95% Wilson confidence intervals (bars) when 0-7 of

the seven false-negative leaks are reclassified as non-leaks. Labels give one-sided exact p values against the 80% benchmark (dashed line);
orange marks p < 0.05.

Predictive values depend on leak prevalence (Table 5; Figure the values are 53.3% and 97.2%. The uncertainty band for PPV
6). At the observed 21.7%, PPV and NPV were similar (85.7% is wide at every prevalence because the specificity estimate
and 86.8%). At the 6.7% national colon rate, the same sensitivity rests on a single false-positive result.
and specificity give a PPV of 60.9% and an NPV of 96.2%; at 5%

Table 5. Predictive values of the composite criterion across anastomotic leakage prevalences

| Leak prevalence,% |2 |5 67 _[10 |15 [20 217 |25 _ [30 |
PPV, % 30.7 53.3 60.9 70.7 79.3 84.4 85.7 87.9 90.3
NPV, % 98.9 97.2 96.2 94.2 91.2 87.9 86.8 84.5 80.9
Post-test probability if positive, % 30.7 53.3 60.9 70.7 79.3 84.4 85.7 87.9 90.3
Post-test probability if negative, % 1.1 2.8 3.8 5.8 8.8 12.1 13.2 15.5 19.1

Bayes'theorem at the observed sensitivity (46.2%) and specificity (97.9%). 6.7% = national colon leak rate in Germany; 21.7% = this cohort. NPV, negative predictive value;
PPV, positive predictive value.

100 \

NPV

el

o

Predictive valiw,

e Pogitive predictive value
e Negative predictive value

T T T T T 1
15 20 25 30 35 40
Anastomotic leakage prevalence, %

Figure 6. Positive (PPV) and negative (NPV) predictive values of the composite criterion as functions of leak prevalence. Lines: values at the

observed sensitivity and specificity; shaded bands: 95% intervals from Jeffreys beta posteriors. Dotted lines mark the national colon leak rate
(6.7%) and this cohort (21.7%).
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normal albumin. In the doubly positive stratum, 6 of 7 patients
leaked (85.7%; 48.7-97.4). The records do not show how the
other seven leaks were distributed. The attainable leak rates
were 0% or 100% for the single patient with CLS >11 and
normal albumin, 0-19.4% for hypoalbuminemic patients with
CLS <11 and 0-43.8% for normoalbuminemic patients with CLS
<11 (Figure 7).

Contribution of the two components

Hypoalbuminemia was present in 7 of 8 patients with CLS >11
(87.5%; 52.9-97.8) and 36 of 52 patients with CLS <11 (69.2%;
55.7-80.1); the two components were not detectably associated
(OR 3.06; exact 95% CI 0.34-148.8; p = 0.420; phi = 0.14) (Table
6). Albumin therefore changed the classification of exactly one
patient relative to CLS >11 alone: the patient with CLS >11 and

Table 6. Cross-classification of the two index-test components and leakage by stratum

Stratum Leaks Leak rate, % (95% CI or
attainable range)

CLS >11 and albumin <3.5 g/dL 7 6 85.7 (48.7-97.4) Observed
CLS >11 and albumin 23.5 g/dL 1 b=0or1 0or 100 Attainable
CLS <11 and albumin <3.5 g/dL 36 c=0-7 0-19.4 Attainable
CLS <11 and albumin 23.5 g/dL 16 d=0-7 0-43.8 Attainable
Composite negative (sum of last three strata) 53 7 13.2 (6.5-24.8) Observed (b +c+d=
7)
Hypoalbuminemia among CLS >11 7/8 — 87.5 (52.9-97.8) Observed
Hypoalbuminemia among CLS <11 36/52 — 69.2 (55.7-80.1) Observed
Association CLS >11 x albumin <3.5 g/dL = = OR 3.06 (exact 95% CI 0.34-148.8); | Observed
p=0.420

The cross-classification follows from the observed data: all seven composite-positive patients were among the eight with CLS >11. Attainable ranges cover every distribution of
the seven composite-negative leaks consistent with the observations. CI, confidence interval; CLS, Colon Leakage Score; OR, odds ratio.

100 O
6/7 = B5.7%
20 {48.7-97.4)
ES
)
=0
T
x -
g 60+ n=1:
) 0% or 100% attainable
=] 0-43.8%
E
S 40
n
=
= 4 attainable
< cohort 21.7% — :,{t];"; ;o’t‘
90 Attt Jrsrasssssensasesssensan D easnnspensensasne RN oo e
0 (@)
T I T T
CLS>11+ CLS>11+ CLS =11+ CLS =11+

albumin <3.5 albumin 23.5 albumin <3.5 albumin z3.5
(n=7) (n=1) {n=36) [n=16)

Figure 7. Anastomotic leakage by joint stratum of the two index-test components. Gold: the observed rate in the doubly positive stratum with
its 95% Wilson confidence interval. Open circles and shaded bars: attainable rates in the other strata, among which the seve n composite-
negative leaks were distributed. Dotted line: overall cohort rate. CLS, Colon Leakage Score.

to 30.6 for stage I1I-IVand 0.13 to 285.0 for emergency surgery,
with significance in 33.3-57.1% of tables. Adding the observed
composite table and cross-classification (S1) confined the CLS
OR to 19.3-53.7, with p < 0.001 in every table (Figure 8). CLS
>11 alone therefore had a sensitivity of 46.2-53.8%, a specificity
of 95.7-97.9% and an AUC of 0.709-0.759. Its association with
leakage holds for every dataset consistent with the

Sensitivity analysis over admissible tables

Table 7 summarizes the bivariate bounds, and Table 8 lists all
15 admissible tables. Using the printed margins alone (S0), the
association of CLS >11 with leakage was not identifiable: the OR
ranged from 0.17 to 146.8 across 9 tables, and 44.4% of tables
reached significance. Margins alone also left every other
covariate unidentified. The OR ranged from 0.03 to 62.4 for male )
sex, 0.05 to 145.8 for age 60 years, 0.29 to 61.5 for ASA III, 0.01 observations.
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Table 7. Sensitivity analysis: attainable ranges of association measures across admissible tables

| Measure SO: printed margins only S1: margins + observed | % significant: Interpretation
composite table tables / datasets

CLS >11 alone, OR 0.17-146.8 (9 tables; 44.4% 19.3-53.7 100 / 100 Robust positive
significant) association

CLS >11 alone, sensitivity / specificity, | — 46.2-53.8 / 95.7-97.9 — Rule-in profile

%

CLS >11 alone, AUC — 0.709-0.759 —

Albumin <3.5 g/dL alone, OR 0.004-15.5 (14 tables; 57.1% 0.23-15.49 20.0 /5.4 Not identifiable (spans
significant) 1)

Albumin alone, sensitivity / specificity, | — 46.2-100.0 / 21.3-36.2 — Specificity <36.2% in

% every table

Albumin alone, AUC — 0.337-0.681 —

Firth model: adjusted OR, CLS >11 — 13.8-317.2 100 /100 Robust

Firth model: adjusted OR, albumin — 0.022-16.603 40.0 /6.5 Not identifiable

Firth model: CLS x albumin interaction | — 0.21-220.44 20.0 /2.0 Synergy not identifiable

OR

0-1-2 countscore: Cochran-Armitage | — 0.50-4.15 66.7 /97.9 Positive trend in most

z datasets

0-1-2 count score: AUC = 0.508-0.812 =

NRI, composite vs CLS >11 alone — -0.077 to +0.021 — Albumin changes one

classification

Male sex (SO only), OR 0.03-62.4 (14 tables; 50.0% = 50.0 / — Not identifiable
significant)

Age 260 years (SO only), OR 0.05-145.8 (14 tables;57.1% = 57.1/— Not identifiable
significant)

ASAII (SO only), OR 0.29-61.5 (6 tables; 33.3% = 33.3/— Not identifiable
significant)

Stage III-1V (SO only), OR 0.01-30.6 (14 tables; 50.0% = 50.0 / — Not identifiable
significant)

Emergency surgery (S0 only), OR 0.13-285.0 (11 tables; 54.5% = 545/ — Not identifiable
significant)

S1 contains 15 admissible tables. Dataset percentages weight each table by the number of patient-level arrangements it represents. ORs use the Haldane-Anscombe correction
for zero cells; Firth p values from profile penalized-likelihood ratio tests. AUC, area under the curve; CLS, Colon Leakage Score; NRI, net reclassification improvement; OR, odds
ratio.

Table 8. The 15 admissible CLS x albumin x leakage tables

b/c/d Leaks, OR, CLS alone Leaks, OR, albumin alone (95% Firth aOR CLS / Interaction OR AUC,

CLS >11 (p) albumin Ch; p albumin (p) count

<3.5 score
0/0/7 6/8 19.3 (<0.001) 6/43 0.23 (0.06-0.8); 0.035 53.1/0.07 160.41 (0.003) 0.508
0/1/6 6/8 19.3 (<0.001) 7/43 0.36 (0.10-1.3); 0.163 31.5/0.15 54.60 (0.009) 0.552
0/2/5 6/8 19.3 (<0.001) 8/43 0.55 (0.15-2.0); 0.488 22.5/0.28 26.84 (0.025) 0.595
0/3/4 6/8 19.3 (<0.001) 9/43 0.86 (0.23-3.3); 1.000 17.8 / 0.50 10.94 (0.063) 0.638
0/4/3 6/8 19.3 (<0.001) 10/43 1.41 (0.34-5.9); 0.740 15.2 / 0.89 6.57 (0.136) 0.682
0/5/2 6/8 19.3 (<0.001) 11/43 2.58 (0.51-13.1); 0.314 13.9 /1.68 3.95 (0.281) 0.725
0/6/1 6/8 19.3 (<0.001) 12/43 6.19 (0.74-52.0); 0.086 13.8 /3.79 1.85 (0.665) 0.768
0/7/0 6/8 19.3 (<0.001) 13/43 15.49 (0.87-276.9); 0.012 16.3 / 16.60 0.45 (1.000) 0.812
1/0/6 7/8 53.7 (<0.001) 6/43 0.23 (0.06-0.8); 0.035 317.2 / 0.02 220.44 (0.180) 0.552
1/1/5 7/8 53.7 (<0.001) 7/43 0.36 (0.10-1.3); 0.163 103.8 /0.09 28.42 (0.260) 0.595
1/2/4 7/8 53.7 (<0.001) 8/43 0.55 (0.15-2.0); 0.488 61.6 /0.20 6.41 (0.378) 0.638
1/3/3 7/8 53.7 (<0.001) 9/43 0.86 (0.23-3.3); 1.000 44.0 /0.39 1.62 (0.699) 0.682
1/4/2 7/8 53.7 (<0.001) 10/43 1.41 (0.34-5.9); 0.740 35.1/0.76 0.80 (1.000) 0.725
1/5/1 7/8 53.7 (<0.001) 11/43 2.58 (0.51-13.1); 0.314 31.0 /1.59 0.37 (1.000) 0.768
1/6/0 7/8 53.7 (<0.001) 12/43 6.19 (0.74-52.0); 0.086 32.2 /4.23 0.21 (0.488) 0.812

b, ¢, d =leaks among patients with CLS >11 and albumin 23.5 g/dL (n = 1), CLS <11 and albumin <3.5 g/dL (n = 36), and CLS <11 and albumin 23.5 g/dL (n=16);b+c+d=7.
Fisher's exact p for bivariate ORs; profile penalized-likelihood p for Firth models. aOR, adjusted odds ratio; AUC, area under the curve; CLS, Colon Leakage Score; OR, odds
ratio.
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Figure 8. Identification of the associations of each component with leakage. Each point is the odds ratio (log scale; Haldane -Anscombe
corrected, with 95% confidence interval) for one contingency table consistent with the printed margins (S0). Shaded region: tables also
consistent with the observed composite table (S1), colored by Fisher's exact p. Left: Colon Leakage Score (CLS) >11 alone; ri ght: albumin <3.5

g/dL alone.

Albumin alone was not identifiable. In S1 its OR ranged from
0.23 to 15.5 and spanned the null. It reached significance in 3 of
15 tables (20.0%): in two the association was inverse and in one
positive. Weighted by patient-level arrangements, it reached
significance in 5.4% of admissible datasets. Its sensitivity
ranged from 46.2% to 100% but its specificity never exceeded
36.2% (range 21.3-36.2%), and its AUC lay between 0.337 and
0.681. With both components in Firth models, the adjusted OR
for CLS >11 ranged from 13.8 to 317.2 and was significant in
every table. The adjusted OR for albumin ranged from 0.022 to
16.6 and was significant in 40.0% of tables and 6.5% of datasets,
in both directions. The CLS x albumin interaction OR ranged
from 0.21 to 220.4 and was significant in 20.0% of tables and

oM <

[T

Sensitivity

n4

2.0% of datasets, so synergy could be neither confirmed nor
excluded.

A 0-1-2 count of risk factors showed a positive Cochran-
Armitage trend (z = 0.50-4.15). The trend was significant in
66.7% of tables and 97.9% of datasets, with an attainable AUC
0f 0.508-0.812. In receiver operating characteristic (ROC) space
(Figure 9), the composite (balanced accuracy 0.720) lay close to
CLS >11 alone (0.709-0.759). The NRI of the composite over CLS
>11 alone was -0.077 to +0.021: adding albumin either removed
one false-positive classification or lost one true-positive
classification.
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Figure 9. Receiver operating characteristic space. Square with bars: the composite criterion with 95% Wilson confidence intervals for
sensitivityand 1 - specificity. Diamonds: CLS>11 alone across its two admissible tables. Pink points: albumin <3.5 g/dL alone across its eight
admissible tables. Blue lines: ROC curves of the 0-1-2 count score at itslowest (dashed) and highest (solid) admissible AUC. AUC, area under
the curve; CLS, Colon Leakage Score.
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unbounded. The adjusted association of CLS >11 is reversible
only under contrived alignments of an unreported covariate
with every leak. In the parsimonious model (CLS >11, albumin,
emergency surgery; 20,000 converged fits), CLS >11 had a
median adjusted OR of 14.74 (11.05-49.27) and was significant
in all but one dataset. The adjusted OR was 1.60 (0.30-16.28) for
albumin (significant in 0.4%) and 1.13 (0.09-5.60) for
emergency surgery (2.5%). Profile penalized-likelihood
inference agreed with Wald inference for CLS >11 in 99.7% of
1,000 datasets (significant in 99.9% vs 99.6%). For albumin,
likelihood-based tests were more liberal (6.6% vs 0.5%;
agreement 93.9%) but remained close to the 5% expected by
chance.

Multivariable sensitivity analysis

0f 20,000 admissible datasets, 19,977 yielded converged Firth
fits (Table 9; Figure 10). Adjusted for albumin, sex, age, ASA
class, stage and emergency surgery, CLS >11 had a median OR of
15.88 (2.5-97.5 percentile band 8.44-85.23) and was significant
in 99.4% of datasets. Albumin had a median adjusted OR of 1.45
(0.28-16.05) and was significant in 1.4% of datasets. Every
other covariate had a median OR between 0.98 and 1.07 and
reached significance in 1.7-2.8% of datasets, below the nominal
5%. Constructed arrangements produced quasi-complete
separation, driving every coefficient, including that for CLS >11,
to the numerical ceiling. With 13 events for 8 parameters, the
attainable range in the full model is therefore effectively
Table 9. Multivariable sensitivity analysis: Firth-penalized logistic regression across admissible datasets

Median adjusted OR | 2.5-97.5 percentile band % datasets with p < % positive / % inverse
0.05

Predictor

Seven-predictor model (19,977

datasets)

CLS>11 15.88 8.44-85.23 99.4 99.4 /0.0
Albumin <3.5 g/dL 1.45 0.28-16.05 1.4 0.8 /0.6
Male sex 1.00 0.21-4.66 2.5 1.4 /11
Age 260y 1.01 0.17-4.78 2.4 1.7 /0.6
ASA 111 1.07 0.06-10.82 1.7 1.6 /0.1
Stage III-1V 0.98 0.22-5.12 2.8 1.1/1.7
Emergency surgery 1.06 0.10-6.15 2.0 19/0.1
Parsimonious model (20,000

datasets)

CLS>11 14.74 11.05-49.27 99.995 99.995 /0.0
Albumin <3.5 g/dL 1.60 0.30-16.28 0.4 0.0 /0.4
Emergency surgery 1.13 0.09-5.60 2.5 2.5/0.0

Each admissible dataset reproduces every printed margin, the composite 2x2 and the CLS x albumin cross-classification. Covariate labels were permuted independently
because their joint distribution with leakage was not recorded. Wald p values from penalized standard errors. With 13 events and 8 parameters, contrived arrangements cause
quasi-complete separation, so the attainable range of every coefficient is effectively unbounded (log-OR reached the +15 numerical ceiling). Profile penalized-likelihood vs
Wald inference in 1,000 datasets (seven-predictor model): CLS >11 significant in 99.9% vs 99.6% (agreement 99.7%); albumin 6.6% vs 0.5% (agreement 93.9%). The
admissible space is a superset of the feasible space (several covariates are CLS items), so ranges are outer bounds and perce ntages are not probabilities. CLS, Colon Leakage
Score; OR, odds ratio.

median (2.5-97.5) % p<0.05

CLS =11 R

15,84 (8.44-85.23) 994%

Albumin <3.5 g/dL 145 (0.28-16.05) 1.4%

Male sex 1.00 (0.21-4.66) 2.5%

Age 260y 101 (0.17-4.78) 2.4%
ASA 1T P 107 (0.06-10.82) 1.7%

Stage 11-1V 0.98 (0.22-5.12) 2.8%

Emergency surgery

1.06 (0.10-6,15) 2.0%

A b B e S e e S B e e n ) e B S SR 0 S
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Firth-adjusted odds ratio for leakage (log scale): median and 2.5-97.5 percentile band

across 19,977 admissible datasets
Figure 10. Multivariable sensitivity analysis. Firth-adjusted odds ratios (log scale) for seven predictors across 19,977 admissible patient-
level datasets: points are medians and bars the 2.5-97.5 percentile bands. Text at right gives the median, band and percentage of datasets
with p < 0.05. CLS, Colon Leakage Score.

altered a single classification. Second, the CLS association with

4. Discussion leakage held in every dataset that matches the observations,

In this cohort from Dr. Mohammad Hoesin General Hospital, a
composite of CLS >11 and preoperative hypoalbuminemia
singled out a small group in whom leakage was very likely. Six
of seven leaked, and the LR+ was 21.7. The composite
nonetheless missed more than half of all leaks. It did not meet
the criterion for good accuracy set before analysis. Two features
of the data shape how the result should be read. First, almost
every CLS-high patient was also hypoalbuminemic. The
composite therefore reproduced CLS >11 alone, and albumin
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while the association of albumin alone could not be identified.
Apart from prediction, the cohort showed aleak rate two to four
times international benchmarks and hypoalbuminemia in
nearly three-quarters of patients. The study adds three things to
the literature. It offers an external check of CLS >11 in an
Indonesian population. It shows by exact enumeration that, at
this prevalence, albumin adds at most one reclassification to the
CLS. And it quantifies a hypoalbuminemia burden that remains
after emergency presentations are set aside.
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Comparison with Colon Leakage Score studies

The rule-in profile of the composite is the profile of the CLS at its
conventional cut-off. A Mexican validation of 208 left-sided
resections without diversion gave a sensitivity of 53% and a
specificity of93% at CLS >11, although the continuous score had
an AUC of 0.89825. Across all admissible tables in our cohort, CLS
>11 alone had a sensitivity of 46.2-53.8% and a specificity of
95.7-97.9%. These values cannot be statistically distinguished
from the Mexican estimates (exact p 0.783-1.000 for sensitivity
and 0.258-0.772 for specificity, one-sample exact binomial tests
against 53% and 93%), and the original description reported an
AUC of 0.95 in 121 patients with 10 leaks, but it did not test the
dichotomized score24. Others chose differently. An Indian
prospective series chose a cut-off above 9 and reached a
sensitivity of 83.3% with a specificity of 91.1%26. In the Mexican
data, a lower cut-off of 8.5 raised sensitivity to 93%25. Taken
together, these studies show that a threshold of 11 is specific but
insensitive. The low sensitivity of our composite belongs to that
threshold. It is no failure peculiar to this population.

Case mix explains why only 13.3% of our patients exceeded
11 points, against 47.8% in a Chinese colorectal cohort27. Three
of the most heavily weighted CLS items added little. Anastomotic
distance can carry up to 6 points, yet 58 of 60 anastomoses lay
more than 10 cm from the anal verge. Neoadjuvant therapy can
carry up to 2 points, but no patient had received it. ASA class can
carry up to 6 points. Only five patients were ASA III. Patients
reached the high-risk band mainly through emergency surgery
for obstruction (3 points), blood loss (up to 6) and operative
duration (up to 4). A score designed for left-sided and rectal
anastomoses loses dynamic range when applied to a mostly
colonic population. At any fixed cut-off, that loss lowers
sensitivity. Because the continuous CLS total was not recorded,
the best local threshold could not be estimated; re-abstracting
the existing records is the most direct way to close this gap.

The CLS is one of several dozen leak-prediction scores. Few
have been externally validated, and most carry a high risk of
bias28.29. Performance drops on external testing. This is the rule.
Machine-learning AUCs have fallen from 0.78 to 0.603° and from
0.984 to 0.70331, An institutional right-colectomy score dropped
to a C-statistic of 0.5932. National models built from routine
preoperative variables reach only 0.63 in Japan33 and 0.69 in
Denmarks3+4. Against that ceiling, a balanced accuracy of 0.720 for
a two-item bedside composite is unremarkable but not inferior,
and its value lies in its very high specificity and not in overall
discrimination. In rectal cancer, multivariable predictors such as
sex, BMI, tumor height and stapler cartridges dominate94243,
They matter little in a cohortwhere 96.7% of anastomoses were
colonic or high rectal, and this supports the use of a colon-
oriented score.

Comparison with albumin studies

The albumin literature is heterogeneous, and our data fit almost
all of it. The pooled OR of 2.67 for low albumin and AL19 lies
inside our admissible range of 0.23-15.5, and so does the null.
Two large single-cohort ORs, 16.25 for albumin <3 g/dL in an
Egyptian multicenter series44 and 22.2 in a Peruvian case-
control study45, come from intervals or designs that inflate
apparent effects. Other cohorts differ. A Syrian cohort with a
similar prevalence of hypoalbuminemia (61.3%) found it to be a
significant risk factor4l. An Australian ERAS cohort, by contrast,
found no albumin difference between leakers and non-leakers23.
In a Glasgow cohort of 795 patients, hypoalbuminemia tracked
inflammation and body composition but not complications21.
The Bandung study, the only Indonesian precedent, could not
detect any correlation3?. Our analysis adds a structural point
that holds whatever the true joint distribution is. When 71.7%
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of patients fall below the threshold, a binary cut-off at 3.5 g/dL
cannot be specific. The arithmetic is simple. In every admissible
table, albumin alone had a specificity of 36.2% or less.

This ceiling effect suggests better ways of using albumin.
Discarding it is not one of them. A lower threshold may
discriminate where 3.5 g/dL cannot, and the Egyptian
association was seen at 3.0 g/dL44. Composite inflammatory-
nutritional indices usually do better than albumin alone. A high
prognostic nutritional index (PNI) carried an adjusted OR for AL
of 0.16 in 2,026 Taiwanese patients46. The Onodera PNI
combined with the neutrophil-lymphocyte ratio reached an
AUC of 0.910 in rectal cancer4’. In a Japanese multicenter study,
a PNI below 40 and a CRP/albumin ratio 20.07 were
independent predictors43. The postoperative CRP /albumin ratio
reached AUCs of 0.825 and 0.91 for early leak detection4849.
Albumin dynamics carry signal too. A relative postoperative
decline of 227.2% predicted AL in women59,and day-3 albumin
reached an AUC of 0.74451. Albumin was recorded as a binary
value in our data, so none of these alternatives could be tested.
They define the next analytic step.

The leak rate in regional context

A leak rate of 21.7% is high by international standards. It is
roughly two to four times the national rates of 5.0-9.2% from
Germany, Korea and Australia and New Zealand6-8, and well
above the falling Japanese low anterior resection rate of 7.1-
9.8%52. It also far exceeds the 1.4% reported after elective right
hemicolectomy in 52 Chinese centers53. Regional comparators
lie closer. A Thai stapler trial reported 5.1-13.2%°54, a
Vietnamese series 7.9-83%°55, a Syrian cohort 15%#%!, an
Egyptian multicenter cohort 6.9%#%4 and a Samarinda series
25.9%10. Four features of our cohort probably contribute to its
rate. The first is the exclusion of diverted patients, which leaves
every leak clinically expressed. The second is the 16.7% of
emergency operations for obstruction done without diversion, a
setting in which leak rates of 19.7% have been reported (OR
4.35)18. The third is the burden of hypoalbuminemia and
advanced disease. The fourth is an inclusive reference standard
that accepts clinical sepsis alone. Definitions of leakage differ
across institutions and registries'é, and some of our 13 leaks
may have been sepsis from other sources. The tipping-point
analysis shows that the central conclusion, sensitivity below
80%, holds unless at least two of the seven missed leaks were
misdiagnosed. Misclassification can also run the other way.
Imaging was requested on clinical suspicion, so subclinical leaks
in asymptomatic patients would have been recorded as no leak.
A missed leak in a composite-negative patient would lower
sensitivity further. A missed leak in the single false-positive
patient would raise sensitivity only to 50.0% (7/14) while
making specificity 100%. Neither direction would weaken the
conclusion of low sensitivity. These rate comparisons are
contextual and not causal. The national comparators include
rectal resections and a different case mix, although two-sample
tests that allow for the smaller comparators' sampling error
gave the same answers.

Emergency resection for obstruction needs separate
attention here. In a Dutch national audit of right-sided colon
cancer, emergency resection doubled mortality (9.4% vs 4.2%)
without increasing leakage56. After resection of obstructive left-
sided cancer, 37% of patients ended with a permanent stoma5”.
One in six of our operations was an emergency for obstruction.
Such patients make up much of the CLS-high group and probably
account for some of the leaks among composite-negative
patients. They are also the group for whom the choice between
primary anastomosis and diversion matters most.
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Spectrum of included patients

Excluding patients who received a diverting stoma made
leakage clinically detectable, yet it changed the spectrum of
included patients. Surgeons divert the patients they judge to be
at highest risk, so the excluded group was probably enriched for
high CLS values, low anastomoses and intraoperative difficulty.
Accuracy in the remaining patients describes the decision that is
left after the surgeon has declined to divert. That is the relevant
population fora tool meant to guide the decision, but it is not the
full surgical population. Diversion also alters what a leak looks
like. In a French series of CLS-defined high-risk left colectomies,
a defunctioning stoma did not reduce the leak rate (21.6% vs
16.4%), although it changed management58. A Swedish
multicenter study found that a stoma halved early leaks (hazard
ratio 0.47), but late leaks were more frequent after diversion
(7.5% vs 1.9%)59. In Vietnamese patients, a transanal drainage
tube gave leak rates similar to a diverting stoma55. Including
diverted patients would call for active ascertainment of late and
subclinical leaks and not reliance on clinical presentation. The
number of diverted patients was not retained, so the size of
spectrum bias cannot be quantified. Its direction can still be
reasoned. Excluding the patients that surgeons judged at highest
risk most likely removed CLS-high patients. This depletes the
test-positive group, which helps explain why only 13.3%
exceeded 11 points, and it makes the observed PPV specific to
undiverted patients. Specificity is the measure least affected,
because almost all patients who did not leak were retained. The
effect on sensitivity is unclear. The leaks that diverted patients
would have had are fewer and later, so they would have entered
the reference standard differently.

Mechanistic interpretation
Figure 11 organizes the findings around two streams of risk that
meet at the healing anastomosis. The first is the burden of

operative and patient stressors captured by the CLS: prolonged
operation, blood loss, emergency surgery on obstructed and
contaminated bowel, male sex and comorbidity. Each may
impair perfusion or raise tension and contamination, although
none was measured here. Technical determinants outside the
score also count. Three or more stapler firings raised the odds
of leakage 2.7-fold after minimally invasive rectal resection60.
Indocyanine green perfusion assessment reduced leakage in a
Japanese phase 3 trialé!, but not significantly in a European
trial62. In a porcine model, single-layer extramucosal and
double-layer anastomoses differed in bursting pressure without
a significant difference in leaks63. A preoperative score
measures none of these factors. They probably account for many
of the seven leaks among composite-negative patients.

The second stream is physiological reserve, and albumin is an
imperfect proxy for it. In malnourished rats, nutritional
repletion restored anastomotic perfusion and bursting
pressure, whereas exercise alone did noté4. Collagen content of
the bowel wall independently predicted leakage after
chemoradiotherapy3¢. Both observations support a nutritional
pathway to anastomotic failure. Yet albumin falls with surgical
inflammation and endothelial leak22, and in cancer it reflects
systemic inflammation as much as protein status?l. A low
albumin in a patient with advanced, obstructing cancer may
signal inflammation that impairs healing, nutritional depletion,
or both. Each pathway in Figure 11 is a hypothesis and not a
demonstrated mechanism. Our data cannot separate them, and
CRP was not available. Figure 11 is therefore only a hypothesis
about how the two streams interact. The bounds analysis shows
that the data identify the first stream (CLS) but not the second
(albumin) or their interaction.

”

Operative and patient stressors (CLS items)

» emergency surgery for obstruction [16.7%)
« prolonged operation (median 195 min)
« blood loss (median 700 mL)

« male sex. ASA status, additional procedures

Reduced physiological reserve (albumin)

« hypoalbuminemia in 71.7%

= systemic inflammation (negative acute-phase
protein)

« bowel-wall edema, impaired collagen

deposition (hypothesized)

N

el

Healing anastomosis
balance of perfusion, tension, contamination
and maltrix repair

/

What the data identify

« CLS >11: OR 19,3-53.7 in every admissible
table

» compaosite positive: 6 of 7 leaked (PPV 85.7%)

« 7 of 13 leaks occurred in composite-negative

patients

TR

\

What the data cannot identify

« albumin alone; OR 0.23-15.5 across admissible
tables

» CLS x albumin interaction: OR 0.21-220

» albumin reclassifies only 1 patient beyond

CLS >11

9

Figure 11. Conceptual framework. Operative and patient stressors captured by the Colon Leakage Score (CLS) and reduced physiological
reserve (indexed by albumin) converge on the healing anastomosis. Lower panels separate what the data identify from what they cannot
identify. The mechanistic links are hypotheses, not demonstrated associations.
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Clinical implications

A rule-in test helps when a positive result changes management.
With an LR+ of 21.7, a positive composite raised the probability
of leakage in this cohort from 21.7% to 85.7%. Even at the lower
6.7% prevalence of national colon series, the PPV would be
about 61%. A positive result could prompt a discussion with the
patient about protective strategies, a suggestion that needs
prospective testing. These include diversion, an alternative
reconstruction, or at least closer postoperative surveillance.
Evidence that diversion lowers the incidence ofleakage in high-
risk colonic anastomoses is weak58. Its benefit lies mainly in
softening the consequences of a leak, and part of its effectis to
delay diagnosis59. The composite must not be used to reassure.
A negative result left a 13.2% probability of leakage, and more
than half of all leaks occurred in test-negative patients.
Postoperative markers complement it well. CRP on the fourth
postoperative day had an NPV of 97% in 2,501 Spanish
patientsé5, and a CRP rise of more than 50 mg/L between
consecutive days had an NPV of 0.9966. In CLS-high patients, day-
3 procalcitonin and CRP reached AUCs of 0.78 and 0.7127. A
sequenced strategy follows naturally. A preoperative composite
would rule in high risk, and postoperative CRP would then rule
out leakage before discharge.

Nutritional burden and public health

The prevalence of hypoalbuminemia, 71.7%, is a principal
finding in itself. Itis nearly five times the 15.2% in 7,072 Chinese
resections3?, and similar to the 58.9% in Pakistan40 and 61.3%
in Syria41. It also agrees with GLIM-defined malnutrition rates of
30.7-45.5% in colorectal cancer surgery¢7.68 and with the
independent role of nutritional risk scores in leak nomogramseé.
Hypoalbuminemia is linked to postoperative morbidity even
where its contribution to leak prediction is uncertain20.39. The
burden was not an artifact of acute presentation, since at least
66.0% of elective patients were hypoalbuminemic. Whether
patients received albumin infusion or nutritional support before
surgery was not recorded. Either would weaken any association
between preoperative albumin and leakage. The cohort was also
fairly young. Two-thirds of patients were younger than 60 years,
and the median age was 58 years. A Peruvian multicenter series,
by contrast, had two-thirds aged 65 years or older45. This age
profile fits the rising early-onset incidence across Asia and
Indonesia2.35. Taken with stage II-III disease in 88.3% and no
neoadjuvant therapy, the profile is compatible with late
presentation of younger patients with depleted reserves,
although symptom duration and nutritional assessment were
not recorded.

Interventions exist, and some have been tested. In a
randomized trial, a four-week multimodal prehabilitation
program of exercise, nutrition and psychological support
reduced severe complications from 29.7% to 17.1%7°. Seven
days of preoperative immunonutrition alone did not reduce
infectious complications?!. After Syria introduced a nutritional
and anemia-correction guideline, both hypoalbuminemia and
leakage fell4l. For South Sumatra, these results support
considering routine nutritional screening at referral, using GLIM
criteria together with albumin and CRP, and a structured
preoperative window for nutritional optimization in elective
cases. That case rests on the prevalence of hypoalbuminemia
and its link with morbidity, whether or not albumin improves
leak prediction.

Research agenda

Four studies would settle the questions these data leave open.
First, re-abstraction of the existing records should capture the
continuous CLS total, its 11 item scores, continuous albumin,
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and the cross-classification of each with leakage. This would
turn the bounds analysis into exact estimates, yield ROC curves
with DeLong intervals, and allow a local CLS threshold to be
chosen. With 13 leaks, an AUC near 0.80 would be estimated
within about +0.15. Second, a prospective multicenter
validation across South Sumatran and other Indonesian referral
hospitals should include diverted patients and grade every leak
by the International Study Group of Rectal Cancer criteria with
radiological confirmation. Estimating a sensitivity near 50%
within #15 percentage points needs about 43 leaks, which
means roughly 199 patients ata 21.7% leak rate or 430 at 10%.
A precision of +10 points needs 97 leaks, or about 448 patients.
Third, that cohort should compare CLS cut-offs of 9 and 11,
continuous albumin, PNI, the CRP/albumin ratio and GLIM
malnutrition as rival or additive predictors. The comparison
should use calibration as well as discrimination, and it should
follow prediction-model reporting standards. Fourth, a practical
randomized trial of preoperative nutritional prehabilitation in
hypoalbuminemic patients undergoing elective resection should
be considered. Halving the leak rate from 21.7% to 10.9% with
80% power at two-sided a = 0.05 would take 177 patients per
arm, and a reduction to 13% would take 294 per arm [Author
query: state the sample-size formula; the standard two-
proportion formula gives about 180 and 293 per arm]. These
targets matter because sensitivity estimated from few
reference-positive cases is unstable. Even when a test meets its
target in 30 positives, the probability that its real-world
sensitivity falls short is 10.7-13.5%72.

Strengths and limitations

The study has four strengths. Every analyzed patient had
complete index-test and reference-standard data. The internally
consistent 2x2 table was set before analysis, and every derived
statistic can be reproduced from the reported counts. Joint
distributions that were not recorded were handled by
exhaustive enumeration and penalized regression over every
consistent dataset, not by imputation. The conclusions therefore
state exactly what the data can and cannot support. Finally, the
cohort was benchmarked against named populations, which
places a single-center Indonesian series in an international
frame.

The limitations are considerable. The design was
retrospective and single-center, and only 13 leaks occurred, so
every accuracy estimate is imprecise. The confidence interval
for sensitivity spans 23.2-70.9%. Leakage was not cross-
classified against albumin alone, the continuous CLS, its item
scores, sex, age, ASA class, stage, emergency status, blood loss or
operative time. Every association involving these variables is
therefore a bound and not an estimate. The number of excluded
patients, in particular those diverted, was not retained, so
spectrum bias cannot be quantified. The reference standard
admitted clinical sepsis alone, without leak grading, time of
diagnosis or a defined observation window beyond the recorded
inpatient and outpatient follow-up. Abstraction was not blinded
to outcome. Albumin was measured up to seven days before
surgery without a concurrent CRP. Tumor site, operative
approach and anastomotic technique were not recorded. The
flow counts and the interval between index test and reference
standard required by STARD could not be reported. The findings
apply to colonic and high rectal anastomoses in patients who
were not diverted at a single Indonesian referral center. Only
two anastomoses lay 10 cm or less from the anal verge, and no
patient received neoadjuvant therapy. The results should not be
extrapolated to low rectal or diverted populations.
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5. Conclusion

At Dr. Mohammad Hoesin General Hospital, a composite of CLS
>11 and preoperative albumin <3.5 g/dL identified patients at
very high risk of AL. Six of seven leaked (PPV 85.7%; LR+ 21.7).
Sensitivity was 46.2% (95% CI 23.2-70.9) and failed the
criterion set before analysis. By the point estimate the
composite missed more than half of all leaks, and at best it
detected about seven in ten. The CLS carries its discrimination,
and the CLS association with leakage holds in every dataset that
matches the observations. Albumin reclassified only one patient,
and its own association could not be identified. In practice, a
positive composite should prompt consideration of diversion or
closer surveillance. A negative result should not reassure, and
postoperative CRP  monitoring  should follow it
Hypoalbuminemia in 71.7% of patients (at least 66.0% of
elective patients), together with a leak rate of 21.7%, suggests a
nutritional target for South Sumatran colorectal surgery that
merits prospective evaluation. These conclusions apply to
colonic and high rectal anastomoses without diversion.
Prospective multicenter validation should test continuous CLS
and albumin, lower CLS cut-offs and inflammatory-nutritional
indices in a cohort that includes diverted patients and graded
leaks.
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