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ARTICLE INFO ABSTRACT
Keywords: Colorectal cancer remains a major cause of morbidity and mortality. We conducted a cross-sectional
Anemia observational study of 65 consecutive stage III colorectal cancer patients from medical records at Sultan
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Malnutrition

Postoperative Complications

Agung Islamic Hospital (data collected 3-27 Dec 2024) to examine associations between treatment,
preoperative haemoglobin, BMI-defined nutritional status, CEA, Karnofsky Performance Status,
and postoperative complications. Postoperative complications occurred in 11/14 (78.6%) patients
with mild malnutrition, 2/6 (33.3%) with moderate malnutrition, and 8/8 (100.0%) with severe
malnutrition; malnutrition was significantly associated with complications (p = 0.016). Among anaemic
patients, 24/26 (92.3%) experienced complications, and Anemia was also significantly associated
with complications (p = 0.020). CEA and Karnofsky Index were not significantly associated with
postoperative complications. These findings indicate that preoperative Anemia and malnutrition are
important predictors of postoperative morbidity in stage III colorectal cancer and support routine
preoperative screening and timely correction of haemoglobin and nutritional deficits to improve surgical
readiness and perioperative outcomes.

1. Introduction The management of colorectal cancer includes

surgery, chemotherapy, and radiotherapy, with surgical

Colorectal cancer is the third most common
cancer worldwide and the second leading cause of
cancer-related death. In 2020, more than 1.9 million
new cases and about 930,000 deaths were estimated
globally, accounting for roughly one in ten cancer
diagnoses and cancer deaths (Morgan ez al., 2023). This
burden is substantial in Indonesia, where Globocan data
have shown colorectal cancer to be a major contributor
to national cancer incidence and mortality (Labeda ez
al., 2022).

https://doi.org/10.30659/sainsmed.v17i1.43739

resection remaining the main curative treatment for
patients with stage I-III disease (Kemkes-RI, 2018;
Sanjaya et al., 2023). Surgical resection remains the
primary treatment for stage I-III colorectal cancer.
Despite advances in perioperative care, postoperative
complications remain common after colorectal cancer
surgery and include anastomotic leakage, infection,
bleeding, bowel obstruction, and other systemic
complications. These adverse events are clinically
important because they worsen short-term recovery
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and can compromise longer-term outcomes (Pak ez al.,
2020; Vacante et al., 2019).

Anemia and malnutrition are frequent comorbid
conditions in patients with colorectal cancer. Anemia
in this population commonly arises from chronic
tumour-associated bleeding, iron deficiency, systemic
inflammation, and inadequate nutritional intake, and
can compromise tissue oxygenation and wound healing,
thereby increasing postoperative morbidity (Fagarasan
et al., 2022; Ristescu et al., 2019). Malnutrition
adversely affects immune competence, tissue repair,
and resilience to surgical stress, and has been linked to
prolonged hospitalisation, higher rates of postoperative
complications, and increased mortality after colorectal
cancer surgery (Daniele ef al., 2017; Sandrucci et al.,
2018; Seretis et al., 2018).

Early detection and correction of Anemia
and malnutrition represent potentially modifiable
perioperative risk-management strategies (Mufioz et
al.,2017; Song et al., 2022). Although prior studies have
reported associations between these conditions and
poorer postoperative outcomes, many investigations
have combined heterogeneous cancer stages or assessed
Anemia and nutritional status separately, limiting
inference about their concurrent impact (Liu et al.,
2018; Song et al., 2022). Data specific to Indonesian
patients with stage III colorectal cancer are scarce, yet
this group is clinically important because standard
care typically involves definitive surgery followed by
systemic therapy, underscoring the need for optimised
perioperative preparation (Lieu et al., 2019; Scott et
al., 2024).

Accordingly, this study aimed to evaluate the
associations of preoperative Anemia and malnutrition
with postoperative complications among patients with
stage III colorectal cancer treated at Sultan Agung
Islamic Hospital, Semarang, Central Java, Indonesia.
Generating local evidence may inform implementation
of structured preoperative haemoglobin and nutritional
assessment and optimisation in this population.

2.
2.1.

Materials and Methods

Study design and setting

This retrospective cross-sectional study reviewed
medical records of patients with stage III colorectal
cancer treated at Sultan Agung Islamic Hospital,
Semarang, Indonesia. Records for patients treated
between 2018 and 2024 were retrieved and reviewed
from December 3 to December 27, 2024.

2.2. Participants and sampling
Eligible patients were adults aged 19-64 years
with a histologically confirmed diagnosis of stage III
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colorectal cancer who underwent curative-intent surgery
and had complete documentation of preoperative
haemoglobin, anthropometric data, treatment history,
and postoperative outcomes. Consecutive sampling
was used to include all eligible cases during the study
period. Exclusion criteria were history of another
primary malignancy, evidence of distant metastases
on computed tomography, incomplete surgical or
oncologic treatment, or missing key study data.

2.3. Variables and operational definitions

The primary independent variables were
preoperative Anemia and nutritional status. Anemia
was defined as haemoglobin <13.0 g/dL in men
and <12.0 g/dL in women. Nutritional status was
assessed using body mass index (BMI) calculated
as weight in kilograms divided by height in meters
squared and categorised according to WHO/ Asian
BMI criteria (specify if specific categories used). The
primary outcome was any postoperative complication
documented in the medical record after the index
surgery (including but not limited to anastomotic
leakage, surgical-site infection, haemorrhage, bowel
obstruction, and systemic complications). Additional
variables extracted included treatment modality
(surgical procedure type), receipt of neoadjuvant or
adjuvant chemotherapy, radiotherapy, preoperative
serum carcinoembryonic antigen (CEA) level, and
Karnofsky Performance Status (KPS). Serum CEA
was classified as normal (0-5 ng/mL) or elevated (>5
ng/mL).

2.4. Data collection

Data were abstracted from electronic and paper
medical records using a standardised data extraction
form. Extracted items included demographics,
comorbidities, tumour location and stage (pathologic
stage III), perioperative laboratory values (including
haemoglobin and CEA), anthropometrics, details of
surgical and oncologic treatment, KPS, and documented
postoperative complications. Records with missing
values for key variables were excluded from analysis.
2.5. Statistical analysis
Data were analysed using IBM SPSS Statistics
version 26. Categorical variables are reported as
frequencies and percentages. Continuous variables
that were not normally distributed (CEA) are presented
as medians and ranges; normality was assessed with
the Shapiro—Wilk test. Between-group comparisons
of CEA for two independent groups were performed
with the Mann—Whitney U test. Associations between
categorical variables (Anemia, nutritional status,
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Table 1. Comparison of CEA levels by treatment

CEA Level Surgery+ Chemotherapy Surgery+ Chemotherapy + Radiotherapy
(ng/mlL) (n, %) (n, (%)
Normal (0-5) 12 (36.4) 9(39.1)
Abnormal (>5) 21(63.6) 14 (60.9)

Table 2. Comparison of CEA levels in patients with and without neoadjuvant chemotherapy

Chemotherapy administration n (%) CEA level (ng/mL)
neoadjuvant Median (Min - Max)
Yes 27(51,9) 2,6 (1-6,3)
No 25 (48,1) 7,5(1,2-48,5)

Table 3. Anemia and postoperative complications (n = 30)

Variable n %
Anemia
e Yes 26 86,7
e No 4 13,3
Complications
e Yes 26 86,7
e No 4 13,3
Total 30 100,0

Table 4. Adjuvant chemotherapy and Karnofsky index

Adjuvant Karnofsky Index Total
Chemotherapy Poor Good
e Yes 12 (34.3%) 23 (65.7%) 35 (100.0%)
e No 11 (36.7%) 19 (63.3%) 30(100.0%)
Total 23 (35.4%) 42 (64.6%) 65 (100.0%)

adjuvant chemotherapy, KPS, and postoperative
complications) were evaluated using the chi-square test;
Fisher’s exact test was used when expected cell counts
were insufficient. All statistical tests were two-tailed,
and p < 0.05 was considered statistically significant.

3. Results

Table 1 summarises carcinoembryonic antigen
(CEA) distributions by treatment group for 56 stage I11
rectal cancer patients. The proportion with elevated CEA
(>5 ng/mL) was 63.6% in the surgery + chemotherapy
group and 60.9% in the surgery + chemotherapy +
radiotherapy group. Median CEA values were similar
between groups, and the Mann—Whitney U test showed
no significant difference (p = 0.405).

In the subset of 52 patients who received surgery
and chemotherapy, median preoperative CEA was lower
among those who received neoadjuvant chemotherapy
(median 2.6 ng/mL, range 1.0-6.3) than among those
who did not (median 7.5 ng/mL, range 1.2-48.5). This
difference was statistically significant by the Mann—
Whitney U test (p < 0.001) (Table 2).

Table 3 shows the distribution of Anemia
and complications in patients at the Sultan Agung
Islamic Hospital Semarang. Patients who experienced

Anemia were 26 (86.7%) respondents, while 4 13.3%
respondents did not experience Anemia. Based on
postoperative complications of stage III colorectal
cancer, 21 (75.0%) Anemia patients experienced
complications, while 7 (25.0%) respondents did not
experience postoperative complications of stage 111
colorectal cancer. The total respondents in this study
were 30 respondents. The results of the Chi-square
test obtained p = 0.020 (p <0.05), which shows that
there is a significant relationship between Anemia and
postoperative complications of stage III colorectal
cancer.

Table 4 shows Karnofsky Performance Status
(KPS) by receipt of adjuvant chemotherapy. Among
patients who received adjuvant chemotherapy (n = 35),
23 (65.7%) had a good KPS and 12 (34.3%) had a poor
KPS. Among patients who did not receive adjuvant
chemotherapy (n = 30), 19 (63.3%) had a good KPS and
11 (36.7%) had a poor KPS. There was no significant
association between adjuvant chemotherapy and KPS
(p = 0.841).

3. Disscussion

Colorectal cancer treatment typically combines
surgery, chemotherapy, and radiotherapy, with
surgery remaining the central curative modality in
resectable disease (Kim ez al., 2021; Hu et al., 2018).
The lower postoperative CEA levels observed in
this study, particularly among patients who also
received neoadjuvant chemotherapy, are consistent
with evidence that changes in CEA after curative
surgery are associated with prognosis and survival.
In patients with abnormal preoperative CEA levels, a
persistently high postoperative-to-preoperative CEA
ratio has been associated with very poor prognosis,
supporting the interpretation of postoperative CEA
decline as a favourable treatment signal (Kim et al.,
2021). The greater reduction in CEA among patients
receiving neoadjuvant chemotherapy may reflect
earlier suppression of tumour activity before surgery.
That interpretation aligns with evidence that serial
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CEA measurements correlate with the effectiveness of
chemotherapy and tend to fall in treatment responders.
Neoadjuvant and combination systemic therapy have
also been linked to improved survival in colorectal
cancer.

Radiotherapy also has an established role in
colorectal cancer management, particularly for symptom
control and selected advanced settings. In the present
study, patients treated with surgery, chemotherapy, and
radiotherapy had a higher proportion of underweight
status, suggesting a greater nutritional burden in those
receiving more intensive multimodal therapy. That
pattern is biologically plausible because gastrointestinal
cancer treatment can aggravate nutritional decline, and
postoperative severe malnutrition rises substantially after
surgery. Patients undergoing surgery and chemotherapy
commonly experience diarrhoea, nausea, anorexia, and
weight loss, all of which can worsen nutritional status
during treatment (Lee ef al., 2023; Yamano ez al., 2020).
More intensive treatment may also reduce quality of
life through cumulative adverse effects. Although the
present study did not directly measure neuropathy,
the higher pain burden in patients receiving adjuvant
therapy is consistent with treatment-related toxicity and
symptom accumulation over time (Munawaroh, 2018).

Adjuvant chemotherapy also affects the Karnofsky
index, which reflects patients’ level of independence
and functional ability. The toxic effects of chemotherapy,
such as fatigue, peripheral neuropathy, and myopathy,
can reduce patients’ ability to perform daily activities
(Chowdhury et al., 2020). In addition, chemotherapy-
induced damage to normal cells can slow tissue
healing and regeneration, leading to decreased physical
tolerance and quality of life. Chronic inflammation
caused by chemotherapy also contributes to muscle
weakness and fatigue, which directly decreases the
Karnofsky index score (Huot et al., 2021). Therefore,
a decrease in the Karnofsky index can be an important
indicator for evaluating the impact of therapy and the
need for rehabilitative interventions in patients.

At the same time, the absence of a significant
association between adjuvant chemotherapy and
Karnofsky score in this study should be interpreted
cautiously rather than as evidence of no functional effect.
Patients selected to receive adjuvant therapy often have
better postoperative recovery and baseline performance,
which can mask treatment-related decrements in cross-
sectional analyses. The maintenance of a normal
Karnofsky index in this cohort may therefore reflect
selection effects, postoperative recovery, and supportive
care rather than complete absence of chemotherapy-
related burden.

Nutritional status strongly influences treatment
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tolerance and outcomes in colorectal cancer. In our
study, underweight status was more common among
patients receiving combined surgery, chemotherapy,
and radiotherapy, a pattern that may increase the risk
of post-treatment complications and reduce therapeutic
effectiveness. Low body mass index (BMI) has been
associated with higher mortality compared with normal
nutritional status (Daniele et al., 2017).

Targeted nutritional interventions, including
high-protein, energy-dense diets and micronutrient
supplementation, alongside regular screening (for
example, with the Patient-Generated Subjective
Global Assessment, PG-SGA) enable early detection
and management of malnutrition and may improve
tolerance to treatment-related toxicities such as nausea,
vomiting, and fatigue (Burden ez al., 2017; Muscaritoli
etal.,2021; Ravasco et al., 2012). Because radiotherapy
and multimodal regimens commonly impair intake
and absorption, proactive nutritional care should be
integrated into perioperative and oncologic pathways.

Carcinoembryonic antigen (CEA) remains a
useful biomarker for monitoring therapeutic response
and disease status. In this cohort, neoadjuvant
chemotherapy was associated with a significant decrease
in CEA, which is consistent with improved tumour
control and, in other studies, with longer survival
(Kim ez al., 2021; Li et al., 2021). Persistent elevation
of CEA after treatment may indicate residual disease
or metastasis requiring further evaluation. However,
single CEA measurements are limited by variability in
tumour burden, sampling timing, and tumour biology;
serial measurements before and after treatment provide
a more reliable assessment of response and recurrence
risk (Kim et al., 2021; Lietal., 2021). Repeated declines
in CEA over successive chemotherapy cycles have been
correlated with therapeutic success in prior reports
(Hu et al., 2018; Shen et al., 2022), and routine CEA
monitoring can facilitate earlier detection of recurrence.

Advanced colorectal cancer negatively affects
physical, psychological, and social functioning
and predisposes patients to malnutrition, which in
turn impairs immune competence and increases
susceptibility to postoperative infections and mortality
(Kemkes-RI, 2018). Preoperative malnutrition is
consistently linked to prolonged hospitalisation, higher
complication and readmission rates, and increased
postoperative mortality. Contributing factors include
tumour location and stage, tumour biology, and prior
or planned neoadjuvant radiotherapy or chemotherapy
(Sandruccieral., 2018; Seretis et al., 2018). Given these
associations, comprehensive nutritional assessment and
early intervention should be standard components of
multidisciplinary care for colorectal cancer patients.
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Anemia is a common and clinically significant
problem in patients with colorectal cancer. Even
mild Anemia has been associated with increased
risk of postoperative complications and prolonged
hospitalisation. While red blood cell transfusion
is frequently used for moderate to severe Anemia,
preoperative transfusion has been linked to higher
all-cause and cancer-specific mortality, increased
recurrence/metastasis rates, postoperative infections,
and additional surgical interventions in colorectal
cancer populations (Ristescu et al., 2019; Yan et al.,
2023).

Pathophysiologically, colorectal cancer—
related Anemia often reflects chronic occult tumour
bleeding, impaired luminal iron absorption, and
inflammation-driven alterations in iron metabolism,
leading to absolute iron deficiency in many patients
(Fagarasan et al., 2022). Anemia reduces tissue
oxygen delivery, which can impair collagen synthesis,
immune function, and wound healing, mechanisms
that plausibly increase susceptibility to infection
and delay postoperative recovery. Our finding of
an association between preoperative Anemia and
postoperative complications aligns with prior reports
linking perioperative Anemia to poorer short-term
surgical outcomes (Ristescu et al., 2019; Yan et al., 2023).

Given these risks and the limitations of transfusion,
emphasis should be placed on early identification and
targeted correction of iron deficiency (for example, with
intravenous iron when indicated) and optimisation of
haemoglobin prior to elective surgery. Randomised
and prospective studies are needed to clarify the causal
impact of preoperative Anemia correction strategies
on postoperative morbidity and long-term oncologic
outcomes.

Malnutrition is a major determinant of
postoperative morbidity and mortality across surgical
specialities and is strongly implicated in adverse
outcomes after colorectal cancer surgery, including
reduced survival (Riad et al., 2023; Seretis et al., 2018).
It affects roughly one-third of colorectal cancer patients
and arises from tumor-driven metabolic changes, reduced
oral intake due to obstruction, and other gastrointestinal
dysfunctions (Daniele ez al., 2017). Advanced disease
further compromises physical, psychological, and
social functioning and predisposes to malnutrition,
which impairs immune competence and increases
susceptibility to postoperative infections and mortality
(Huot et al., 2021; Kemkes-RI, 2018). Preoperative
malnutrition is associated with longer hospital stays,
higher complication and readmission rates, and
increased postoperative mortality; contributing factors
include tumour location, histology and stage, and
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receipt of neoadjuvant radiotherapy or chemotherapy
(Sandrucci et al., 2018).

This study’s reliance on BMI as the primary
nutritional measure is an important limitation, since
BMI does not capture recent weight loss, reduced
intake, sarcopenia, or inflammatory status, features with
independent prognostic value. Additional limitations
include the retrospective, cross-sectional design,
potential documentation gaps in medical records,
single-centre setting, modest sample size, and lack of
multivariable adjustment for confounders, all of which
constrain causal inference and generalisability. Future
studies should employ comprehensive nutritional
assessment (e.g., PG-SGA, body composition analysis),
prospective designs, and adjusted analyses to better
define the impact of malnutrition and the benefit of
targeted nutritional interventions.

4. Conclusions

Preoperative Anemia and poor nutritional
status were significantly associated with increased
postoperative complications among patients with
stage III colorectal cancer at Sultan Agung Islamic
Hospital, Semarang. Adjuvant chemotherapy was
not associated with BMI-defined nutritional status
or Karnofsky Performance Status, and overall CEA
levels did not differ between major treatment groups;
however, patients receiving radiotherapy in addition to
surgery and chemotherapy showed a higher prevalence
of underweight status. These results support routine
preoperative screening and optimisation of haemoglobin
and nutritional status as part of perioperative care.
Prospective, multicentre studies with larger samples,
standardised timing of assessments, comprehensive
nutritional measures (including weight loss, muscle
mass, and validated screening tools), and multivariable
adjustment are warranted to confirm these findings and
to test targeted prehabilitation interventions.

Conflict of interest
All authors have no conflicts of interest in this
article.

References

Burden, S. T., Gibson, D. J., Lal, S., Hill, J., Pilling,
M., Soop, M., Ramesh, A., & Todd, C. (2017).
Pre-operative oral nutritional supplementation
with dietary advice versus dietary advice alone
in weight-losing patients with colorectal cancer:
Single-blind randomised controlled trial. Journal
of Cachexia, Sarcopenia and Muscle, 8(3): 437-446.
https://doi.org/10.1002/jcsm.12170

Chowdhury, R. A., Brennan, F. P., & Gardiner, M.




Mahendra, et al.

D. (2020). Cancer rehabilitation and palliative
care—exploring the synergies. Journal of Pain and
Symptom Management, 60(6): 1239—1252. https://
doi.org/10.1016/j.jpainsymman.2020.07.030

Daniele, A., Divella, R., Abbate, 1., Casamassima,
A., Garrisi, V. M., Savino, E., Casamassima, P.,
Ruggieri, E., & De Luca, R. (2017). Assessment
of nutritional and inflammatory status to
determine the prevalence of malnutrition in
patients undergoing surgery for colorectal
carcinoma. Anticancer Research, 37(3): 1281-1288.
https://doi.org/10.21873/anticanres.11445

Fagarasan, V., Andras, D., Amarinei, G., Seicean, R. 1.,
Bintintan, V. V., Dindelegan, G. C., & Cainap, C.
1. (2022). Absolute and functional iron deficiency
in colon cancer: A cohort study. Medicina, 58(9):
1-8. https://doi.org/10.3390/medicina58091202

Hu, H., Huang, J., Lan, P., Wang, L., Huang, M., Wang,
J., & Deng, Y. (2018). CEA clearance pattern as
a predictor of tumor response to neoadjuvant
treatment in rectal cancer: A post-hoc analysis of
the FOWARC trial. BMC Cancer, 18(1145): 1-12.
https://doi.org/10.1186/s12885-018-4997-y

Huot, J. R., Pin, F., & Bonetto, A. (2021). Muscle
weakness caused by cancer and chemotherapy
is associated with loss of motor unit connectivity.
American Journal of Cancer Research, 11(6):
2990-3001. https://pubmed.ncbi.nlm.nih.
gov/34249440/

Kemkes-RI (2018). Pedoman Nasional Pelayanan
Kedokteran Tata Laksana Kanker Kolorektal.
Kementerian Kesehatan Republik Indonesia.
https://www.kembkes.go.id/id/pnpk-2018---tata-
laksana-kanker-kolorektal. Accessed on 24 July
2025

Kim, H.-G., Yang, S. Y., Han, Y. D., Cho, M. S,,

Min, B. S., Lee, K. Y., Kim, N. K., & Hur, H.
(2021). Association of perioperative serum
carcinoembryonic antigen level and recurrence
in low-risk stage IIA colon cancer. Plos One,
16(6): 1-11. https://doi.org/10.1371/journal.
pone.0252566

Labeda, I., Lusikooy, R. E., Mappincara, Dani, M. 1.,
Sampetoding, S., Kusuma, M. 1., Uwuratuw,
J. A., Syarifuddin, E., Arsyad, A., & Faruk,
M. (2022). Colorectal cancer survival rates in
Makassar, Eastern Indonesia: A retrospective
cohort study. Annals of Medicine and Surgery,
74(103211): 1-7. https://doi.org/10.1016/j.
amsu.2021.103211

Lee, S.,Kang, D.H., Ahn, T.S., Jo,D. H.,Kim, E., & Baek,
M. J. (2023). Clinical influence of neoadjuvant
chemoradiotherapy on immunonutritional status

Sains Medika: Jurnal Kedokteran dan Kesehatan, Vol 17, No 1 (2026): 28-34

in locally advanced rectal cancer. Korean Journal

of Clinical Oncology, 19(1): 3—10. https://doi.

org/10.14216/kjco.23002
Li, C., Zhang, D., Pang, X., Pu, H., Lei, M., Fan,
B., Lv, J.,, You, D, Li, Z., & Zhang, T. (2021).
Trajectories of perioperative serum tumor
markers and colorectal cancer outcomes: A
Retrospective, multicenter longitudinal cohort
study. EBioMedicine, 74 (103706): 1-8. https://
doi.org/10.1016/j.ebiom.2021.103706
Lieu, C., Kennedy, E. B., Bergsland, E., Berlin, J.,
George, T. J., Gill, S., Gold, P. J., Hantel, A.,
Jones, L., Mahmoud, N., Meyerhardt, J., Morris,
A. M., Ruiz-Garcia, E., You, Y. N., & Baxter,
N. (2019). Duration of oxaliplatin-containing
adjuvant therapy for stage III colon cancer:
ASCO clinical practice guideline. Journal of
Clinical Oncology, 37(16): 1436-1447. https://
doi.org/10.1200/JCO.19.00281

Liu, L., Liu, L., Liang, L.-C., Zhu, Z.-Q., Wan,
X., Dai, H.-B., & Huang, Q. (2018). Impact
of preoperative anemia on perioperative
outcomes in patients undergoing elective
colorectal surgery. Gastroenterology Research
and Practice, 2018 (2417028): 1-7. https://doi.
org/10.1155/2018/2417028

Morgan, E., Arnold, M., Gini, A., Lorenzoni, V.,
Cabasag, C. J., Laversanne, M., Vignat, J., Ferlay,
J., Murphy, N., & Bray, F. (2023). Global burden
of colorectal cancer in 2020 and 2040: Incidence
and mortality estimates from Globocan. Gut,
72(2): 338-344. https://doi.org/10.1136/
gutjnl-2022-327736

Munawaroh, K. (2018). Gambaran skala nyeri pada
pasien kanker kolorektal yang menjalani
kemoterapi. Gaster, 16(2): 160—-167. https://doi.
org/10.30787/gaster.v16i2.291

Muiioz, M., Acheson, A. G., Auerbach, M., Besser, M.,
Habler, O., Kehlet, H., Liumbruno, G. M., Lasocki,
S., Meybohm, P., Rao Baikady, R., Richards, T,
Shander, A., So-Osman, C., Spahn, D. R., &
Klein, A. A. (2017). International consensus
statement on the peri-operative management of
Anemia and iron deficiency. Anaesthesia, 72(2):
233-247. https://doi.org/10.1111/anae.13773

Muscaritoli, M., Arends, J., Bachmann, P., Baracos, V.,
Barthelemy, N., Bertz, H., Bozzetti, F., Hiitterer,
E., Isenring, E., Kaasa, S., Krznaric, Z., Laird,
B., Larsson, M., Laviano, A., Mihlebach,
S., Oldervoll, L., Ravasco, P., Solheim, T. S.,
Strasser, F., de van der Schueren, M., Preiser,
JC., & Bischoff, S. C. (2021). ESPEN practical
guideline: Clinical nutrition in cancer. Clinical
Nutrition, 40(5): 2898-2913. https://doi.
org/10.1016/j.clnu.2021.02.005

33



Mahendra, et al.

Pak, H., Maghsoudi, L.H., Soltanian, A., & Gholami,
F. (2020). Surgical complications in colorectal
cancer patients. Annals of Medicine and Surgery,
55, (2020): 13-18. https://doi.org/10.1016/]j.
amsu.2020.04.024

Ravasco, P., Monteiro-Grillo, I., & Camilo, M. (2012).
Individualised nutrition intervention is of major
benefit to colorectal cancer patients: Long-term
follow-up of a randomised controlled trial of
nutritional therapy. The American Journal of
Clinical Nutrition, 96(6): 1346—1353. https://doi.
org/10.3945/ajcn.111.018838

Riad, A., Knight, S. R., Ghosh, D., Kingsley, P. A.,

Lapitan, M. C., Parreno-Sacdalan, M. D.,

Sundar, S., Qureshi, A. U., Valparaiso, A. P,,

Pius, R., Shaw, C. A., Drake, T. M., Norman,

L., Ademuyiwa, A. O., Adisa, A. O., Aguilera,

M. L., Al-Saqqa, S. W., Al-Slaibi, I., Bhangu,

A., Biccard, B. M., Brocklehurst, P., Burden, S.,

Chu, K., Costas-Chavarri, A., Dare, A. J., Elhadi,

M., Fairfield, C. J., Fitzgerald, J. E., Glasbey,

J., van Berge Henegouwen, M. 1., Ingabire, J.

C. A, Kingham, T. P., Lawani, 1., Lieske, B.,

Lilford, R., Magill, L., Maimbo, M., Martin, J.,

Mathai, S., McLean, K. A., Moore, R., Morton,

D., Nepogodiev, D., Norrie, J., Ntirenganya,

F.,, Pata, F., Pinkney, T., Seenivasagam, R. K.,

Ramos-Dela Medina, A., Roberts, T. E., Salem,

H. K., Simdes, J., Skipworth, R. J. E., Spence,

R. T., Smart, N., Tabiri, S., Theodoratou, E.,

Thomas, H., Weiser, T. G., West, M., Whitaker,

J., Yenli, E. & Harrison, E. M. (2023). Impact

of malnutrition on early outcomes after

cancer surgery: an international, multicentre,
prospective cohort study. The Lancet Global Health,

11(3): e341-e349. https://doi.org/10.1016/

S2214-109X(22)00550-2

Ristescu, 1., Pintilie, G., Filip, D., Jitca, M., Fecheta,
R., Florescu, 1., Scripcariu, V., Filipescu, D., &
Grigoras, 1. (2019). Perioperative anemia and
transfusion in colorectal cancer patients. Chirurgia,
114(2): 234-242. https://doi.org/10.21614/
chirurgia.114.2.234

Sandrucci, S., Beets, G., Braga, M., Dejong, K., &
Demartines, N. (2018). Perioperative nutrition
and enhanced recovery after surgery in
gastrointestinal cancer patients: A position paper
by the ESSO task force in collaboration with
the ERAS society (ERAS coalition). European
Journal of Surgical Oncology, 44(4): 509-514.
https://doi.org/10.1016/j.€js0.2017.12.010

Sanjaya, I. W. B., Lestarini, A., & Bharata, M. D. Y.
(2023). Clinical characteristics of colorectal
cancer patients undergoing colonoscopy at
Sanjiwani Hospital, Gianyar, 2019-2020.
Aesculapius Medical Journal, 3(1): 43—48. https://
doi.org/10.22225/am;j.3.1.2023.43-48

Sains Medika: Jurnal Kedokteran dan Kesehatan, Vol 17, No 1 (2026): 28-34

Scott, A. J., Kennedy, E. B., Berlin, J., Brown, G.,
Chalabi, M., Cho, M. T., Cusnir, M., Dorth, J.,
George, M., Kachnic, L. A., Kennecke, H. F,,
Loree, J. M., Morris, V. K., Perez, R. O., Smith,
J. J., Strickland, M. R., & Gholami, S. (2024).
Management of locally advanced rectal cancer:
ASCO Guideline. Journal of Clinical Oncology,
42(28): 3355-3375. https://doi.org/10.1200/
JCO.24.01160

Seretis, C., Kaisari, P., Wanigasooriya, K., Shariff, U.,
& Youssef, H. (2018). Malnutrition is associated
with adverse postoperative outcomes in patients
undergoing elective colorectal cancer resections.
JBUON, 23(1): 36—41. https://pubmed.ncbi.nlm.
nih.gov/29552757/

Shen, L., Li, C., Wang, J., Fan, J., & Zhu, J. (2022). CEA
levels predict tumour response to neoadjuvant
chemoradiotherapy in locally advanced rectal
cancer. Oncology and Translational Medicine, 8(4):
180-185. https://doi.org/10.1007/s10330-022-
0548-8

Song, H. N., Wang, W. B., Luo, X., Huang, D. D.,
Ruan, X. J., Xing, C. G., Chen, W. Z., Dong,
Q. T., & Chen, X. L. (2022). Effect of GLIM-
defined malnutrition on postoperative clinical
outcomes in patients with colorectal cancer.
Japanese Journal of Clinical Oncology, 52(5): 466—
474. https://doi.org/10.1093/jjco/hyab215

Vacante, M., Cristaldi, E., Basile, F., Borzi, A. M.,
& Biondi, A. (2019). Surgical approach and
geriatric evaluation for elderly patients with
colorectal cancer. Updates in Surgery, 71(3):
411-417. https://doi.org/10.1007/s13304-019-
00650-3

Yamano, T., Tomita, N., Sato, T., Hayakawa, K.,
Kamikonya, N., Matoba, S., Uki, A., Baba, H.,
Oya, N., Hasegawa, H., Shigematsu, N., Hiraoka,
M., Shimada, M., Noda, M., Sakai, Y., Sato,
H., Saegusa, M., Takeuchi, M., Oguchi, M.,
Oya, M., & Watanabe, M. (2020). Influence
of chemoradiotherapy on nutritional status
in locally advanced rectal cancer: Prospective
multicenter study. Nutrition, 77 (110807): 1-9.
https://doi.org/10.1016/j.nut.2020.110807

Yan, T., Lei, S., Zhou, B., Huang, Y., Li, X., Zhang,
J., Huang, Q., & Zhang, L. (2023). Association
between preoperative anemia and postoperative
short-term outcomes in patients undergoing
colorectal cancer surgery — A propensity
score matched retrospective cohort study.
BMC Anesthesiology, 23(307): 1-11. https://doi.
org/10.1186/s12871-023-02270-2

34



