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Аннотация
Цель: разработать алгоритм, позволяющий выбрать оптимальный объем 
хирургического вмешательства больным метастатическим колоректаль-
ным раком, осложненным обтурационной кишечной непроходимостью.
Материал и методы. Исследование основано на анализе результатов лече-
ния 202 пациентов метастатическим колоректальным раком, осложненным 
обтурационной кишечной непроходимостью, которые были разделены на 
две группы. В первую группу вошли 119 пациентов, которым первым этапом 
выполнено удаление первичного опухолевого очага. Вторую группу состави-
ли 83 пациента, которым выполнена только дренирующая симптоматическая 
операция, направленная на ликвидацию кишечной непроходимости.
Результаты. Показатель одногодичной летальности в первой группе 
составила 37 человек (31,1%), а во второй группе – 51 (61,4%) пациент. 

Многофакторный анализ выявил предикторы, влияющие на показатель 
одногодичной летальности: количество внутренних органов, пораженных 
метастазами, альбумин/глобулиновый коэффициент, лейкоцитарный ин-
декс Кребса, индекс МСV, схема предстоящей таргетной терапии.
Заключение. Разработан этапный алгоритм принятия решения, позволя-
ющий определить показания к удалению первичной опухоли, и создана 
программа ЭВМ для расчета риска одногодичной летальности больных 
метастатическим колоректальным раком.
Ключевые слова: метастатический колоректальный рак, кишечная не-
проходимость, нежелательные явления химиотерапии, паллиативная 
операция, циторедуктивная операция – R2 резекция.
Конфликт интересов: не заявлен.
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Abstract
Aim: to develop an algorithm for selecting the optimal surgical intervention 
for patients with metastatic colorectal cancer complicated by obstructive 
intestinal obstruction.
Material and methods. The study is based on an analysis of the treatment 
outcomes of 202 patients with metastatic colorectal cancer complicated by 
obstructive intestinal obstruction. The patients were divided into two groups. 
Group 1 included 119 patients who underwent primary tumor removal as the 
first stage. Group 2 included 83 patients who underwent only symptomatic 
drainage surgery to relieve intestinal obstruction.
Results. The one-year mortality rate was 37 patients (31.1%) in Group 1 and 51 
(61.4%) in Group 2. Multivariate analysis identified predictors influencing the 

one-year mortality rate: the number of internal organs affected by metastases, 
albumin/globulin ratio, Krebs index, MCV index, and the planned targeted 
therapy regimen.
Conclusion. Based on this analysis, a step-by-step decision-making algorithm 
was developed to determine the indications for primary tumor removal, and 
a computer program was created to calculate the one-year mortality risk in 
patients with metastatic colorectal cancer.
Keywords: metastatic colorectal cancer, intestinal obstruction, adverse events 
of chemotherapy, palliative surgery, cytoreductive surgery – R2 resection.
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 INTRODUCTION

The colorectal cancer (CRC) ranks third in morbidity and 
mortality in the world and in the Russian Federation 

[1, 2]. In the Samara Region, the morbidity and mortality 
rates correlate with the overall indicators of the Russian 
Federation [3]. The high rate of mortality from this 
pathology stems from a large number of neglected diseases. 
In the international practice, the incidence of the primary 
metastatic CRC is within 17–32%. From the data of V.A. 
Aliev and A.D. Kaprin it follows, that despite the active 
implementation of screening programs and gradual decrease 
of morbidity rate in the Russia Federation, the primary 
metastatic CRC (mCRC) is identified in 20–30% cases, 
which has a statistically significant poorer outcome [4, 5].

According to the clinical recommendations of the 
AOR, RUSSCO, NCCN, the primary method of mCRC 
treatment is chemotherapy (CT) combined with targeted 
therapy (TT), and the surgical stage of treatment is only 
auxiliary and preparatory for the systemic therapy. The 
complications developing on various stages of treatment 
result in extension of the term of the start of therapy 
and necessitate reduction of dosages of administered 
drugs, increase of intervals between cycles, or require 
cancellation of therapy, which aggravates the remote 
outcomes. About 45% of patients die within the first year 
after being diagnosed [6].

One of the most frequent complications is the intestinal 
obstruction (IO) [7]. Prior to administration of CT and 
TT, patients with IO require surgical treatment to rectify 
the existing complications on the first stage. This poses 
the question as to the volume of surgical intervention: 
formation of a colostomy or performance of a debulking 
operation to remove the primary tumor site.

 AIM
To analyze outcomes of complex treatment of patients 

with metastatic colorectal cancer and develop an algorithm 
for selecting the optimal surgical intervention for this 
category of patients.

 MATERIAL AND METHODS
Based on the experience of treatment of patients with 

mCRC complicated by IO, a study was performed at the 
Samara Regional Clinical Oncology Dispensary that 
included 202 patients.

Inclusion criteria: patients with mCRC complicated 
by obturation intestinal obstruction in the stage of 
compensation or subcompensation; histological type of 
tumor: adenocarcinoma; debulking operation to remove 
the primary lesion or drainage operation; subsequent 
chemotherapy under the FOLFOX/XELOX schemes 
combined with targeted therapy; status of the peritoneal 
carcinomatosis: P1-P2 in the Japanese classification; 
performance status: ECOG 2 and lower.

Exclusion criteria: patients refusing from specific 
treatment; patients with mCRC with symptom-free 
primary tumor; patients diagnosed with P3 peritoneal 
carcinomatosis in the Japanese classification; patients with 
colon cancer (lower and medium ampullas), and anal form 
of the rectal cancer; performance status above ECOG 2.

Prior to commencement of treatment, all patients 
underwent examination, their clinical diagnosis established 
and verified, staged under the TNM system, the number 
of organs affected by the metastases was identified. The 
participants of the study were divided into two groups. 
Group 1 included 119 patients after a debulking operation, 
the first stage of which was the R2 debulking resection of 
the primary tumor lesion. Group 2 included 83 patients 
after just the drainage symptomatic operation aimed at 
relief of intestinal obstruction without removal of the 
primary lesion.

In both study groups, patients exhibited either isolated 
metastatic involvement of a single organ or combined 
involvement of two or more organs. Patients in both 
groups were comparable in terms of sex, age, TNM stage, 
and primary tumor location. The study design is presented 
in Fig. 1.

Statistical analysis. The study results were processed 
in Statistica 10.0, SPSS 13. To assess the risk of one-year 
mortality, univariate binary logistic regression was first 
performed. Subsequently, predictors with a significance 
level below 0.1 were included in a multivariate binary 
logistic regression model using stepwise backward 
elimination based on the Wald algorithm. The quality 
of prediction was evaluated based on the statistical 
significance of the predictors included in the model and 
on sensitivity and specificity metrics. The algorithm for 
selecting the optimal surgical treatment method was 
developed using the Chi-Square Automatic Interaction 
Detection (CHAID) decision tree method. The CHAID 
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method is based on testing the hypothesis of independence 
between two variables using the χ² (chi-square) test. 
Construction was performed using the SPSS 13 software 
package based on data from a training dataset comprising 
202 observations. The significance level α was set at <0.05.

 RESULTS
The following parameters were assessed: intraoperative 

blood loss and number of bed-days. The average 
intraoperative blood loss among patients in Group 1 was 
150 ± 20 mL; among patients of Group 2, 80 ± 20 mL (р 
= 0.000). The average number of in-patient bed-days in 
Group 1 was 20 ± 2, in Group 2, 12 ± 2 bed-days (р = 
0.000). These indicators in the group with patients after 
the debulking surgery were significantly higher, which is 
accounted for by the volume of the surgery.

In the subsequent phase, postoperative complications 
were analyzed in patients in both study groups. In Group 1, 
postoperative surgeries developed in 37 patients (31.1%), 
which was significantly higher than in Group 2, where 
postoperative complications developed in 15 patients 
(18.1%) (Chi = 4.336; df = 1; р = 0.037).

The postoperative complications affected the time 
of start of chemotherapy: in Group 1, in patients after 
the debulking surgery to remove the primary lesion the 
average value of CT start after the surgery was 44.0 ± 2.0 
days; in Group 2 of patients who had a colostomy, this 
value was 30.0 ± 1.0 days (Z = 2.732; р = 0.006).

Later, on the chemotherapy stage, adverse events were 
analyzed as they developed that required suspension 
of systemic treatment, dosage reduction or stoppage 

202 patients with mCRC, complicated by intestinal obstruction

Evaluation of immediate outcomes

Chemotherapy + target therapy

Analysis of adverse event incidence rate

Evaluation of remote outcomes

Identification of factors affecting the incidence rate of adverse events  
on the top of chemotherapy

Examinations:
Examination according to clinical standards, TNM staging, identification 

of number of organs affected by metastases, identification of oncomarker 
indicators in the peripheral blood, genetic examination: identification of 

the mutation status of the KRAS/NRAS genes, identification of values of 
laboratory markers reflecting the existing complications (hemoglobin level, 

biochemical blood assay, MCV index, Krebs leukocyte index, albumen/
globulin index)

Surgical stage of treatment:
R2 debulking resection to remove the primary tumor lesion or palliative 

drainage operation aimed to relieve the primary obstruction without 
removal of primary lesion

Development of the algorithm of treatment of patients with simultaneous  
non-resectable CRC metastases with a symptomatic primary tumor.
Development of a computer software program to predict one-year  

survival of patients with simultaneous non-resectable CRC metastases, 
with removed and non-removed primary tumor

Figure 1. Study design.
Рисунок 1. Дизайн исследования.

 

 16.3 

26.5 

 
17.9 

 

 
12.6 

26.5 

Univariate analysis of predictors affecting one-year mortality

Multivariate model of logistical regression with step-by-step exclusion using the Wald method

Significant predictors by qualitative features
 

 

Tumor burden  

Treatment tactics  

Complications 

 

 

 
 

0.01 0.1 0 10 100 

271.85 

46.57 

8.09 

10.18 

2.34 

13.57 

17.84 

0.28 

1.75 

Significant predictors by quantitative features
 

0.01 0.1 0 10 100 

 

5.80 

0.95 

0.20 

1.08 

0.98

0.62 

0.97 

Carcinomatosis of the 
peritoneum 

Metastases to two 
organs or more

N+ status 

Metastases to lymph 
nodes of the 

retroperitoneum

Tumor localization in 
left sections

Postoperative 
complications

System therapy 
complications

Draining 
operation

Target therapy scheme 
with inhibitors of the 
therapy angiogenesis

Increase of Krebs 
leukocyte index above the 

2.2 norm

Decrease 
of the MCV index 

below 80 fm

Decrease of the 
albumen/globulin 

index 2.3

 
Delay of chemotherapy 

start over 32 days 

Hemoglobin level 
below 125 g/L

Decrease 
of erythrocyte level 
below 3.2*10/12  L 

Increase of leukocyte 
level above 9,9*10/9L

Indicator characterizing the degree 
of endogenous intoxication 

and acuteness of inflammation

Indicator of protein exchange status, 
synthetic function of the liver that 

deteriorates under liver failure

This indicator decreases due to long-term 
blood loss or as a manifestation of chronic 
intoxication and paraneoplastic syndrome

The use of angiogenesis inhibitors increases the risk of 
developing toxic complications such as diarrhea, 
neutropenia, and enteritis. Furthermore, a higher 

incidence of adverse events related to the primary 
tumor is observed, including tumor perforation and 
bleeding from tumor necrosis. These complications 

hinder the completion of the full treatment course

Krebs leukocyte 
index

Albumen-globulin 
index (coefficient)

MCV 
hematological 

index

TT scheme with 
angiogenesis 

inhibitors

Draining 
operation

200 100 0,1 0 0,01 

Figure 2. Univariate analysis of significant predictors influencing 1-year mortality in patients with metastatic colorectal cancer complicated by 
intestinal obstruction (qualitative and quantitative characteristics).
Рисунок 2. Однофакторный анализ значимых предикторов, влияющих на годичную летальность у пациентов с 
метастатическим КРР, осложненным кишечной непроходимостью (качественные и количественные признаки).
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of the therapy. In Group 1 of the study, such adverse 
events were observed in 47 (39.6%), in Group 2, in 
67 (80.9%) patients. In both groups, the following 
complications were observed: complications of the blood 
(leukopenia, thrombocytopenia), thrombotic and ulcerous 
complications. Such complications as tumor perforation 
and hemorrhage from the disintegrating tumor were not 
observed in the group of patients with the removed primary 
tumor. The developing complications in the course of the 
chemotherapy affected the number of cycles. The initially 
planned 12 CT cycles in the group with the primary 
tumor removed were delivered to 51.8% patients; in the 
group with non-removed primary tumor, only to 19.9% 
patients: it became necessary to stop special treatment for 
the majority of patients of this group due to development 
of adverse events on top of the systemic treatment (р = 
0.000).

In the next stage, indicators of event-free and overall 
survival. One-year mortality in the Group 1 was 37 
people (31.1%), in Group 2, 51 patients (61.4%) (Chi 
= 18.323, df = 1; р = 0.000). In order to evaluate the 
significance of the factors influencing one-year mortality, 
univariate equations of logistic regression were derived 
and predictors were identified that significantly affected 
one-year mortality (Fig. 2).

Based on the identified significant predictors, a 
multivariate logistical regression model was constructed 
with step-by-step exclusion using the Wald method (Fig. 3).  
The predictors that had significant influence on one-year 
survival were the increase of the Krebs leukocyte index 
(KLI), decrease of the albumen-globulin index (AGI) and 
decrease of the MCV, affection by metastases of more than 
one organ and increase of incidence rate of postoperative 
complications. As far as the surgery method is concerned, 
the colostomy without removal of the primary tumor also 
increased probability of death within one year.

For the further assessment of the factors influencing 
patient survival depending on the volume of surgical 
intervention, we constructed the CHAID decision trees 
(Fig. 4).The identified factors that had significant 
impact on one-year mortality reflected the status of 
complications related to the presence of the primary 
tumor and the tumor burden.

Implementation of the algorithm
1. If metastases are found to affect two or more internal 

organs, primary tumor removal surgery is not indicated 
due to the lack of oncological practicability of such 
intervention. 

2. If metastases are not found to affect two or more 
internal organs, the second step of analysis follows: if 
the albumen-globulin index decreases below 1.5, primary 
tumor removal surgery is also not indicated, for the patient 
has signs of liver failure, when drug therapy efficiency is 
significantly compromised.

3. If the albumen-globulin index does not decrease 
below 1.5, the third step follows: the analysis of the 
Krebs leukocyte index. If KLI is above 2.2, primary 
tumor removal surgery is indicated, for the relief of the 
respective inflammatory process related to the presence of 
the primary tumor will relieve, in the subsequent stages, 
the onset of adverse septic events on top of the system 
treatment.

4. If the Krebs leukocyte index is below 2.2, the fourth 
stage of analysis will follow: the analysis of the MCV 
index relation to the scheme of the future target therapy. 
If the MCV index is below 80 with the combination of 
angiogenesis inhibitor TT, the removal of primary tumor 
is indicated. The MCV marker reflects the presence of a 
chronic hemorrhage, the source of which in the majority 
of CRC cases is the primary tumor. Once angiogenesis 
inhibitors are added to the therapy scheme, the probability 
of development of such an adverse event as bleeding from 
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Figure 3. Multivariate analysis of variables associated with 1-year mortality in patients with metastatic colorectal cancer complicated by 
intestinal obstruction.
Рисунок 3. Многофакторный анализ переменных, ассоциированных с годичной летальностью у пациентов с метастатическим 
КРР, осложненным кишечной непроходимостью.
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the disintegrating tumor increases significantly. If the 
MCV index is below 80 with the combination of epithelial 
growth factor blocker TT, regardless of the planned TT 
course, the removal of the primary tumor on the first 
stage of treatment is not indicated, and the formation 
of the colostomy would be sufficient. Since the risk of 
development of adverse events on the top of system therapy 
administration in this group of patients is minimal, it would 
be sufficient to relieve the manifestations of intestinal 
obstruction, start administration of chemotherapy in the 
shortest time possible, and later look into the possibility 
of R0 resection.

Based on this algorithm, a computer program was 
developed that calculates the risk of mortality within the 
first year in mCRC patients with a symptomatic primary 
tumor and determines the practicability of debulking 
surgery with respect to all of the above predictors.

In order to produce a prediction for a mCRC patient 
before the surgical stage of treatment, the following 
indicators are analyzed. Chest and abdomen CT scans 
are used to determine the number of internal organs 
affected by metastases. Biochemical blood assay is used 
to calculate the albumen-globulin coefficient. The values 
of the general blood test are used to calculate the МСV 
index, percentages of neutrophils and lymphocytes, and 
to calculate the Krebs leukocyte index.

The testing of the software performance quality involved 
its sensitivity and specificity. We tested the possible points 
of outcome discrimination, and the incidence of erroneous 
predictions was 1.0 ± 0.7%.

 DISCUSSION
Patients with mCRC are some of the most complicated 

groups to develop treatment tactics. They have an 
adverse long-term prognosis. According to practical 
recommendations of RUSSCO, in effect prior to 
2018, it was recommended to perform the debulking 
surgery to remove the primary tumor before starting the 
chemotherapy. In the opinion of Yu.A. Barsukov, M.F. 
Cherkasov, debulking surgeries are aimed at reduction 
of the amount of tumor tissue and improve efficiency 
of the administered chemotherapy [4, 8, 9]. However, 
some studies report that complications after surgeries 
in CRC are seen in 19.3 – 26.7%, and mortality after 
these surgeries is 2.2 – 5.4% [10, 11]. Development of 
postoperative complications significantly delays the 
start of drug therapy and, in some cases, render further 
treatment impossible. According to the Clavien – Dindo 
classification of surgical complications, in 7.1% cases 
after surgery for CRC there occur fatal complications 
that render the patient’s further drug therapy impossible 
[12]. This is explained by the volume of the surgery 
and technical difficulties in the performance of the 
surgery. According to our data, the group with a history 
of debulking surgeries to remove the primary tumor, 
postoperative complications occurred more often than in 
the group without removal of the primary tumor (29.8% 
vs. 9.6%), which resulted later in the delay of start of 
chemotherapy. In Group 1, the average number of days 
the chemotherapy started after the surgery was 44.0 days, 
whereas in Group 2, this number was 30.0 days (Z = 
2.732; р = 0.006), which had a respective impact on the 
treatment efficiency.

Patient with metastatic CRC

Metastases to two and more organs

Krebs leukocyte index above 2.2

Removal of the primary tumor 
site is not indicated

Removal of the primary tumor 
site is indicated

MCV index < 80 + target therapy scheme 
with angiogenesis inhibitors

Removal of the primary tumor 
site is indicated

MCV index < 80 + target therapy scheme 
with epithelial growth factor blockers

Removal of the primary tumor 
site is not indicated

MCV index > 80 + regardless 
of target therapy scheme

Removal of the primary tumor 
site is not indicated

Isolated damage of one internal organ

Albumen-globulin factor above 1.5

Krebs leukocyte index below 2.2

Albumen-globulin factor below 1.5

Removal of the primary tumor 
site is not indicated

Figure 4. Decision tree.
Рисунок 4. Дерево принятия решений.
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The complications that develop regularly and 
deteriorate the patients’ quality of life became the cause 
for a number of international randomized studies. In 2016, 
2019 and 2020 the following studies were completed: 
China Multicenter (China), JCOG1007 (Japan) and PTR 
Trial (South Korea). Their findings are as follows: in the 
symptom-free progression of the primary tumor, debulking 
operations to remove the primary tumor do not improve 
1-, 2-, 3- and 5-year survival of mCRC patients.

At the moment, four European studies are in the process 
of enrolling patients: SYNCRON0US (Germany), CAIR04 
(Netherlands), CCRe-IV (Spain), CLIMAT (France). 
According to the published intermediate results of these 
studies, no connection is seen between the improved 
survival of patients with a history of debulking operations 
to remove the primary tumor [13].

This resulted in the modification of recommendations, 
and since 2018, recommendations have been in effect that 
call for a personalized approach to the removal of the 
primary tour with respect to the risk of development of 
complications.

It should be mentioned that the above studies 
focused on the symptom-free (uncomplicated) progress 
of the primary tumor. The presence of a complicated 
(symptomatic) primary tumor necessitates removal of 
existing complications by removal of the primary tumor 
prior to administration of system treatment.

Remote outcomes strongly depend on the development 
of adverse events on top of the chemotherapy in progress. 
According to the data of the European Society for Medical 

Oncology, adverse events accompany chemotherapy in 
more than 50% patients. E. Savu reports that the degree of 
their manifestation depends on the therapy scheme, dosage, 
tumor burden and individual factors, i.e. presence or absence 
of existing complications without clinical manifestation 
[14]. According to S.N. Fedorinov and A.Yu. Dobrodeev, 
the following adverse events may be seen in the course 
of the chemotherapy: hemorrhage from a disintegrating 
tumor, tumor perforation with subsequent development of 
septic complications [15, 16]. All of these complications are 
related to the presence of a non-removed primary tumor. 
In our observations, the number of adverse events in the 
group with the non-removed primary tumor was above 
the European level of 50% and was 68.2%, whereas in the 
group with the removed primary tumor this indicator was 
33.3%. We believe that this is related with the presence of 
subclinical complications of the primary tumor that existed 
even before the start of the system treatment.

 CONCLUSION
The proposed algorithm and the computer program 

developed on its basis consider the amount of metastatic 
affection of the internal organs and such indicators as 
albumin-globulin coefficient, Krebs leukocyte index, 
MCV index and the scheme of the chemotherapy to be 
administered. The algorithm and the program allow for 
a justification of necessity of removal of the primary 
tumor or formation of a colostomy and for improvement 
of outcomes of system treatment and levels of overall 
survival of patients with metastatic colorectal cancer. 
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