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colorectal cancer in response to chemotherapy with and
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Summary

Purpose: KRAS mutations are associated with colorectal
cancer survival whereas the role of body mass index (BMI)
is less defined. Phase angle, which is more an indicator of
cell integrity also has not been studied as prognostic and
predictive factor. We evaluated the association between BMI,
phase angle and colorectal cancer overall survival (OS), by
KRAS mutation status and other prognostic for metastatic
colorectal cancer.

Methods: This prospective study included 89 patients di-
agnosed with metastatic colorectal cancer in oncology and
pathology departments. BMI and phase angle alpha were
reported from the TANITA MC-780U mutifrequency seg-
mental body composition analyzer at presentation at our
department. KRAS mutation status was analyzed. Multi-
variate analysis was estimated from Cox proportional haz-
ards models.

Introduction

The third cause of cancer worldwide is colo-
rectal cancer (CRC) [1]. The danger of colon malig-
nancy increases up to 33% in subjects with high
BMI in contrast to average as provided by many
metanalysis data [2,3]. Obesity is a worldwide med-
ical issue that has expanded in all age groups, and
is defined risk factor for carcinogenesis [4,5].

Results: High phase angle which indicated proper cell in-
tegrity was associated with good performance status, low T
stage, low fat percent and high BMI. Overall response was
statistically significant with left sided colon cancer and high
BMI. On multivariate analysis, the factors maintaining sta-
tistical significance with OS were KRAS and overall response.
High BMI was associated with higher OS in both mutated
and wild groups without statistical significance. As regard
progression-free survival (PFS), surgery, T stage, and lym-
phovascular invasion maintained statistical significance on
multivariate analysis.

Conclusion: High phase angle was associated with im-
proved performance status. High BMI was associated with
improved OS in all KRAS subgroups.

Key words: phase angle, BIA, BMI, metastatic, colorectal
cancer, KRAS

One of the major risk factors for morbidity and
mortality of advanced CRC is malnutrition [6,7].

Bioelectrical impedance is used for assessment
of body composition as noninvasive, easily repro-
ducible method in assessing the body composition.
Phase angle reflects the changes of cellular mem-
brane and integrity of cell. Lower phase angle means
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cell death and it has been studied in many diseases
such as liver cirrhosis, diabetes and lung cancer [8,9].

A large meta-analysis in 2015 of 6128 meta-
static CRC patients treated with bevacizumab and
chemotherapy as first line showed that a lower
median OS was reported in patients with low BMI
(<25 kg/m?2) [6]. Also high BMI was reported to be
associated with better OS in CAIRO 1 but not in
CAIRO 2 trial [7].

About 13-37% of CRC express oncogenic trans-
formations of RAS and BRAF respectively, which
initiate the MAPK flagging pathway [10]. In Brdand-
stedt et al study KRAS mutation was associated
with high BMI and high waist hip ratio [11] and
with lower OS as reported by many authors [12,13].

The aim of the present study was to evaluate
the phase angle, BMI, KRAS family and various
prognostic factors with response, OS, and PFS.

Methods

This prospective study was conducted in Clinical
Oncology and Anatomical Pathology departments, Tanta
University hospitals, from January 2011 to December
2018. Eighty nine histologically confirmed stage IV CRC
patients, either operated with metastases discovered im-
mediately after operation or not operated due to me-
tastases were included in this study. Written informed
consent was taken from all patients.

Bioelectric impedance analyzer (BIA) was performed
in our nutritional clinics at baseline and thereafter every
month using a TANITA MC-780U multifrequency seg-
mental body composition analyzer. BIA was conducted
while the patients were standing by using the tetra po-
lar electrode on the hands and feet. From BIA we get
the phase angle which is more informative than BMI in
the evaluation of cell health status [13,14]. The median
phase angle was calculated. Phase angle more than or
equal to 4.1 meant the integrity of cell membrane.

Table 1. Correlation of different patient clinicopathologic characteristics with phase angle

Phase angle < 4.1 Phase angle >4.1 p value
n (%) n (%)
Sex 0.245
Female 19 (42.2) 24 (54.5)
Male 26 (57.8) 20 (45.5)
Age, years 0.530
<40 6 (13.3) 8(18.2)
240 39 (86.7) 36 (81.8)
Performance status 0.000
0 10 (22.2) 24 (54.5)
1 20 (44.4) 20 (45.5)
2 15 (33.3) 0 (0)
Weight, kg 0.000
<59 43 (95.6) 7 (15.9)
>59 2(44) 37 (84.1)
BMI 0.000
<25 44 (97.8) 0 (0)
=25 1(2.2) 44 (100)
Fat 0.002
<25 15 (33.3) 29 (65.9)
=25 30 (66.7) 15 (34.1) 0.046
Muscle, kg
<31.5 1(2.2) 6 (13.6)
231.5 44 (97.8) 38 (86.4)
Tumor markers 0.078
Normal CEA& CA19.9 21 (46.7) 17 (38.6)
High CEA and normal CA19.9 4 (8.9) 7 (15.9)
Normal CEA and high CA19.9 10 (22.2) 3 (6.8)
High both 10 (22.2) 17 (38.6)
Surgery 0.534
Yes 30 (66.7) 32 (72.7)
No 15 (33.3) 12 (27.3)

Continued on the next page
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Phase angle < 4.1 Phase angle >4.1 p value
n (%) n (%)
Pathology 0.134
25 (55.0) 32 (72.7)
Signet ring adenocarcinoma 13 (25.9) 10 (27.7)
Mucoid adenocarcinoma 7 (15.6) 2 (4.5)
Grade 0.030
1 3(6.7) 0 (0)
2 17 (37.8) 29 (65.9)
3 16 (35.6) 11 (25)
4 9 (20) 4(9.1)
Gross appearance 0.823
Cauliflower 17 (37.8) 14 (31.8)
Napkin ring 11 (24.4) 11 (25)
Ulcerating 17 (37.8) 19 (43.2)
Site 0.389
Rectum 17 (37.8) 17 (37.8)
Right side colon 11 (24.4) 10 (22.7)
Transverse colon 12 (26.7) 7 (15.9)
Left side colon 5(11.1) 10 (22.7)
T stage 0.004
T2 0 (0) 10 (22.7)
T3 25 (59.5) 22 (50)
T4 17 (40.5) 12 (27.3)
N stage 0.836
NX 17 (40.5) 18 (40.9)
NO 11 (26.2) 11 (25)
N1 6 (14.3) 4(9.1)
N2 8(19) 11 (25)
LVI 0.128
Yes 19 (42.2) 21 (47.7)
No 4 (8.9) 0 (0)
Unknown 22 (48.9) 23 (52.3)
PNI 0.865
Yes 6 (15.6) 7 (15.9)
No 8(17.8) 6 (13.6)
Unknown 30 (66.7) 31 (70.5)
Surgery (at presentation) 0.348
Yes 30 (66.7) 32 (72.7)
No 15 (33.3) 12 (27.3)
KRAS 0463
Mutated 28 (62.2) 24 (54.5)
Wild 17 (37.8) 20 (45.5)
Chemotherapy 0.551
FOLFOX 27 (60) 30 (68.2)
XELOX 12 (27.7) 11 (25)
FOLFIRI 6 (13.3) 3 (6.8)
Type of target therapy 0.438
No 13 (26.7) 11 (25)
Bevazuicmab 7 (15.6) 11 (2)
Pantimumab 12 (26.7) 14 (31.8)
Cetixumab 14 (31.1) 8 (18.2)
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Height and weight were measured without shoes.
BMI is calculated from weight in kg over height squared
in meter [15-17].

Tumor tissue analysis

In the Department of Clinical Pathology, Tanta Uni-
versity Hospital, QiagenQIAamp DNA FFPE Tissue Kit
was used for DNA extraction. DNA amplification was
performed by PCR using specific primers, kits (Viennal-
ab). KRAS was analyzed by sequencing the activating
mutations in codon 12 and 13. Twenty nine mutations
in KRAS (CD12, CD13, CD59, CDO, CD117, CD146) and
22 mutations in N-Ras (CD12, CD13, CD59, CD60, CD61,
CD146) were assessed.

KRAS expression by immunohistochemistry

Immunohistochemistry for KRAS [18] was per-
formed on formalin-fixed, paraffin embedded 4 pm thick
tumor tissue sections. The sections were stained accord-
ing to manufacturer’s protocol. The primary antibody

used was KRAS mouse monoclonal (Clone-F234, Santa
Cruz Biotechnology dilution: 1:10). Prior to application
of the primary antibody, antigen retrieval was performed
for 20 min in a pressure cooker. All sections were scored
in a blinded fashion by two independent observers famil-
iar with immunohistopathology, unaware of the clinical
outcome of the patient. A semiquantitative score ranging
from negative (no staining or, 10% of cells stained) to 3+
(1+ staining in 11-30% of the cells: weak, 2+ staining in
31-50% of cells: moderate, and 3+ staining in >50% of
cells: intense) was used.

Treatment received

Patients were administered modified FOLFOX 0,
XELOX, or FOLFIRI. In case of target therapy given it
was given in combination of chemotherapy in the form
of bevacizumab, cetuximab or panitumumab.

Modified FOLFOX consisted of oxaliplatin 85 mgm/
m2 iv over 2 h on days 1 and 15, leucovorin 400 mg/m2
over 2h on days 1 and 15, and fluorouracil 400 mg/m2 iv

Table 2. Correlation of clinicopathologic factors with body mass index

Clinicopathologic factors BMI<25 BM=25 p value
n (%) n (%)

Sex 0.338
Female 19 (43.2) 24 (53.3)
Male 25 (56.8) 21 (46.7)

Age, years 0.592
<40 6 (13.6) 8 (17.8)
>40 38 (86.4) 37 (82.2)

Performance status 0.000
0 9 (20.5) 25 (55.0)
1 20 (45.5) 20 (44.4)
2 15 (34.1) 0 (0)

Weight, kg 0.000
<59 43 (97.7) 7 (15.6)
=59 1(2.3) 38 (84.4)

Angle alpha 0.000
<4.1 44 (97.8) 0 (0)
>4.1 1(2.2) 44 (100)

Fat 0.002
<25 14 (31.8) 30 (66.7)
=25 30 (68.2) 15 (33.3)

Muscle , kg 0.053
<31.5 1(22) 6 (13.6)
231.5 44 (97.8) 38 (86.4)

Tumor markers 0.081
Normal CEA& CA19.9 21 (47.7) 17 (37.8)
High CEA and normal CA19.9 5(11.4) 7 (15.6)
Normal CEA and high CA19.9 9 (20.5) 3(6.7)
High both 9 (20.5) 18 (40)

Surgery 0.534
Yes 30 (68.2) 32 (71.1)
No 14 (31.8) 12 (28.9)

Continued on the next page
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Clinicopathologic factors BMI<25 BM=25 p value
n (%) n (%)
Pathology 0.326
25 (56.8) 32 (71.7)
Signet ring adenocarcinoma 13 (29.5) 10 (22.2)
Mucoid adenocarcinoma 6 (13.6) 3(6.7)
Grade 0.018
1 3(6.8) 0 (0)
2 16 (36.4) 30 (66.7)
3 16 (36.4) 11 24.4)
4 9 (20.5) 4 (14.6)
Gross appearance 0.696
Cauliflower 17 (38.6) 14 (31.1)
Napkin ring 11 (25) 11 (24.4)
Ulcerating 18 (36.4) 20 (44.4)
Site 0.389
Rectum 17 (37.8) 17 (37.8)
Right side colon 10 (22.7) 11 244)
Transverse colon 12 (27.3) 7 (15.6)
Left side colon 5(11.4) 10 (22.2)
T stage 0.006
T2 0 (0) 10 (22.2)
T3 25 (61) 22 (48.9)
T4 16 (39) 13 (28.9)
N stage 0.836
NX 16 (39) 19 (42.2)
NO 11 (26.8) 11 (24.4)
N1 6 (14.6) 4 (8.9)
N2 8(19.5) 11 (24.4)
LVI 0.117
Yes 19 (43.2) 21 (47.7)
No 4(9.1) 0 (0)
Unknown 21 (47.7) 23 (52.3)
PNI 0.810
Yes 7 (15.9) 7 (15.6)
No 8(18.2) 6 (13.3)
Unknown 29 (65.9) 32 (68.5)
KRAS 0.578
Mutated 27 (61.4) 25 (55.6)
Wild 17 (38.6) 20 (44.4)
Tumor marker (post treatment) 0.002
Normalized 16 (36.4) 31 (68.9)
Elevated 28 (63.6 14 (31.1)
Chemotherapy 0.479
FOLFOX 26 (59.1) 31 (68.9)
XELOX 12 (27.3) 11 (244)
FOLFIRI 6 (13..6) 3(6.7)
Type of target therapy 0.366
No 12 (27.3) 11 (244)
Bevazuicmab 7 (15.9) 11 244)
Pantimumab 11 (25) 15 (33.3)
Cetixumab 14 (31.8) 8(17.8)
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bolusondays 1and 15, followedby 5 fluorouracil 2,400 mg/
m2 continuous infusion over 46 h on days 1-3 and 15-17.
FOLFIRI consisted of irinotecan 180 mg/m2 iv over
2hondays 1 and 15, leucovorin 400 mg/m2 iv over 2 h
on days 1 and 15, and fluorouracil 400 mg/m?2 iv bolus
on days 1 and 15, followed by fluorouracil 2,400 mg/m2
continuous infusion over 46 h on days 1-3 and 15-17.
Bevacizumab 5 mg/kg iv was administered over 30-
90 min on day 1,14 with either FOLFOX or FOLFIRI.
XELOX with or without bevacizumab: Oxaliplatin
130 mg/m2 iv over 2 h on day 1 plus capecitabine 1000
mg/m2 per os twice for 14 days; repeat every 3 weeks
with or without bevacizumab 7.5 mg/kg IV every 3 weeks.
In case of Pan KRAS wild type, before chemother-
apy, cetuximab 400 mg/m2 loading dose was adminis-
tered over 2 h on day 1, then cetuximab 250 mg/m2 over
1 h weekly, and panitumumab 6 mg/kg iv infusion over
1 h on day 1 were administered.
Abdominopelvic CT or MRI examinations were
done every 6-10 weeks for follow up. Response Evalua-

tion Criteria in Solid Tumors (RECIST) version 1.1 were
used to evaluate the tumor response [19]. In case of com-
plete response, partial response or stable disease after 3
cycles the patients continued the same line of treatment
for 3 cycles. In case of progressive disease after first or
second evaluation second line of treatment was given.

Statistics

Overall survival (OS) was calculated from the be-
ginning of palliative chemotherapy until death or last
patient contact. Progression free survival (PFS) was de-
fined as the date from definitive diagnosis to the date of
progression.

Univariate and multivariate Cox regression analyses
were performed to determine survival trends adjusted for
clinicopathologic factors, The Kaplan-Meier method was
used to estimate OS and DFS, and the log-rank test was
used to make comparisons. Statistical analyses were per-
formed using SPSS 23.0 software (SPSS, Chicago, IL), and
p value <0.05 was considered statistically significant [20].

Table 3. Correlation of overall response with different prognostic factors

Prognostic factors Response p value
OAR Nonresponsive
n (%) n (%)

Sex 0.706
Female 26 (50.0) 43 (48.3)
Male 26 (50.0) 46 (51.7)

Age, years 0.096
<40 11 (21.2) 3(8.1)
=40 41 (78.8) 34 (91.9)

Performance status 0.073
0 20 (38.5) 14 (37.8)
1 27 (51.9) 13 (35.1)
2 5(9.0) 10 (27.0)

Weight 0000
<5%g 21 (40.4) 29 (78.4)
>59kg 31 (59.6) 8 (21.6)

BMI 0.000
<25 16 (30.8) 36 (69.2)
225 28 (75.7) 9 (24.3)

Fat 0.578
<25 27 (51.9) 17 (45.9)
225 25 (48.1) 20 (54.1)

Muscle, kg 0.1126
<31.5 6 (11.5) 1(2.7)
>31.5 46 (88.5) 36 (97.3)

Angle 0.000
<4.1 16 (30.8) 28 (75.7)
24.1 36 (69.2) 9 (24.3)

Gross appearance 0.001
Cauliflower 11 (21.2) 20 (54.1)
Napkin ring 12 (23.1) 10 (27.0)
Ulcerating 29 (55.8) 7 (18.9)

Continued on the next page
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Prognostic factors Response p value
OAR Nonresponsive
n (%) n (%)
Surgery at presentation 0.002
Yes 43 (82.7) 19 (51.4)
No 9(17.3) 18 (48.6)
Pathology 0.578
Adenocarcinoma 35 (67.3) 22 (59.5)
Signet ring appearance 13 (25.0) 10 (27.0)
Mucoid adenocarcinoma 4(7.7) 5(13.5)
Grade 0.132
1 0 (0.0 3(8.1)
2 30 (57.7) 16 (43.2)
3 14 (26.9) 13 (35.1)
4 8(15.4) 5(13.5)
LVI 0.034
Yes 29 (55.8) 11 (29.7)
No 1(1.9) 9(8.1)
Unknown 22 (42.3) 23 (62.2)
PNI 0.889
Yes 8(15.4) 6 (16.2)
No 9(17.3) 5(13.5)
Unknown 35 (67.3) 26 (70.3)
T stage 0.022
T2 10 (19.2) 0 (0.0)
T3 27 (51.9) 20 (58.8)
T4 15 (28.8) 14 (41.2)
N stage 0.278
Nx 18 (34.0) 17 (50.0)
NO 17 (32.7) 5(14.7)
N1 6(11.5) 4 (11.8)
N2 11 (21.2) 8 (23.5)
KRAS mutation 0.651
Wild 32 (61.5) 21 (56.8)
Mutated 20 (38.5) 16 (43.2)
Chemotherapy regimen 0.246
FOLFOX 34 (65.4) 23 (62.2)
XELOX 15 (28.8) 8 (21.6)
FOLFIRI 3 (5.8) 6 (16.2)
Type of target therapy 0.650
No 11 (21.2) 12 (324)
Bevazucimab 11 (21.2) 7 (18.9)
Panitumumab 17 (32.7) 9 (24.3)
Cetuximab 13 (25.0) 9 (24.3)
Pre treatment tumor markers 0.205
Normal CEA& CA19.9 26 (50.0) 12 (32)
High CEA and normal CA19.9 4(7.7) 7 (18.9)
Normal CEA and high CA19.9 6(11.5) 7 (18.9)
High both 16 (30.8) 11 (29.7)
Post treatment tumor marke 0.000
Normalized 43 (82.7) 4 (10.8)
High 9(17.3) 33 (89.2)
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Table 4. Univariate and multivariate analysis of different prognostic factors with overall free survival

Parameters Univariate analysis Multivariate analysis
Sig Sig

Age 0.000 0.963
Sex 0.890

PS 0.015 0.552
BMI 0.042 0.495
Phase angle 0.032 0.357
Pretreatment tumor marker 0.007 0.651
Site 0,000 0.073
Surgery 0.000 0.338
Gross 0.526

Pathology 0436

T stage 0.029 0.758
N stage 0.002 0.228
Grade 0.243

LVSI 0.000 0.146
PNI 0,041 0.387
KRAS 0.003 0.013
Post treatment tumor marker 0.003 0714
Regimen of chemotherapy 0.008 0.124
Target therapy 0.051

OAR 0.000 0.002

Table 5. Univariate and multivariate analysis of different prognostic factors with progression free survival

Parameters Univariate analysis Multivariate analysis
Sig Sig

Age 0.001 0.966
Sex 0.337

PS 0.215

BMI 0.106

Phase angle 0.110

Pretreatment tumor markers 0.267

Site 0.009 0.176
Surgery 0.005 0.017
Gross 0.292

Pathology 0.681

T stage 0.022 0.033
N stage 0.005 0.127
Grade 0.952

LVSI 0.000 0.013
PNI 0.001 0.058
KRAS 0.085

Post treatment tumor markers 0.012 0.073
Regimen of chemotherapy 0.068

Target therapy 0.438

Response 0.087
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Results Patient baseline clinicopathologic character-

istics are presented in Table 1. More than half of

A total of 89 patients met the eligibility criteria patients were male, with a median age of 40 years
and were included in this prospective study. Sixty (range 30-75).

two patients had been operated before presentation KRAS wild type was detected in 41.6% of CRC

to the oncology department, and 27 patients were (Figure 1). In correlation of phase angle with dif-

metastatic, so no operation was done in them. ferent clinicopathologic factors, good performance

e

B "\‘"' L\'r','
DL

o

Figure 1. A: Negative KRAS immunostaining in well differentiated colorectal adenocarcinoma (x100). B: Positive KRAS
immunostaining in a case of well differentiated colorectal adenocarcinoma with lymph node metastases (x400). C: Positive
KRAS immunostaining in moderate differentiated colorectal adenocarcinoma (x100). D: Positive KRAS immunostaining
in a case of moderate differentiated colorectal adenocarcinoma with perineural invasion (x400). E: Positive KRAS im-
munostaining in a case of poorly differentiated colorectal adenocarcinoma with vascular invasion (x400).
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status 0-1, weight =59kg, BMI =25, fat <25%, low
grade, low T stage were correlated with phase an-
gle =4.1 (Table 1).

BMI higher than or equal to 25 was statically
correlated with good performance status, weight
>59 kg, low fat <25%, phase angle >4.1, low T stage,
low grade, and normalized tumor marker post treat-
ment (Table 2).

The overall response rate was 52%. The factors
associated with statistical significant with overall
response were weight >59kg, BMI >25, rectum, left
sided colon, ulcerating lesion, surgical intervention
at the time of diagnosis, lymphovascular space in-
vasion, and T2 and T3 lesions (Table 3).

Median survival was 36 months (range 6-906).
The 5-year survival was 37.6%. In univariate anal-
ysis the factors with statistical significance were
age, performance status, phase angle, pretreatment
tumor markers, site, surgery, T stage, N stage, LVI,
post treatment tumor markers, KRAS, regimen of
chemotherapy and overall response (Table 4 & Fig-
ure 2).

Survival Functions

Kras mutation
—Imutated

Mwild

- mutated-censored
—+— wild-censored

067

Cum Survival
r

0.2

p value=0.003*

0.0

T T T T T
1800 3000 4200 5400 66.00

Follow up time (months)

,

Survival Functions

anglel
<41
> or egal 4.1
< 41-censored
—+—> or eqal 4.1-censored

1

067

Cum Survival

0.2

p value=0.032*

0.0

T T T T T T
6.00 18.00 30.00 4200 54.00 66.00

Follow up time (months)

Figure 2. Overall survival in relation to prognostic factors.

On multivariate analysis, the factors maintain-
ing statistical significance with OS were KRAS and
overall response.

According to BMI, high BMI was associated
with higher OS in both mutated and wild groups
but without statistical significance (Figure 3).

Median PFS was 48 months (range 20-906).
Five-year PFS was 48.4% in univariate analysis,
and the factors with statistical significance were
age, site, surgery, T stage, N stage, LVI, perineu-
ral invasion, and post treatment markers (CEA-
CA19.9). Surgery, T stage, and lymphovascular
invasion maintained statistical significance on
multivariate analysis (Table 5).

The changes in phase angle during treatment
with nutritional counseling and addition of omega
3 are shown in Figure 4.

Discussion

The risk of CRC is associated with increased
body weight. Moreover, genetic alterations includ-

Survival Functions
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Figure 3. Overall survival in mutated and wild groups according to BMI.
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Figure 4. Changes of phase angle during treatment: A: decreasing phase angle; B: decreased phase angle at first, later

on stable.

ing genetic mutations lead to colorectal carcino-
genesis [21]. Correlation of body weight and BMI
with different molecular subtypes has not been
studied.

Thirty to 40% of CRC express mutation in
KRAS (v-Ki-ras2 Kirsten rat sarcoma viral onco-
genic homolog) [22]. Mutated KRAS is predictive
of non-response to epidermal growth factor but its
prognostic value was not studied [23].

KRAS wild type was detected in our series in
41.6% of CRC patients, similar to other studies
[21-23].

In our study, high BMI was found to be associ-
ated with risk of KRAS-mutated tumors but with-
out statistical significance, a fact reported by other
authors as well [9, 24].

Overall response was higher in patients with
high BMI and left sided colon cancer in our study.
Toiyama et al have reported in 2016 that low BMI
less than IO is associated with poor OS and DFS
and bad prognosis [25]. Superior OS and PFS were
in left sided colon cancer versus right sided can-
cer colon as proven by multivariate analysis of
PROVETTA study [26].

JBUON 2020; 25(2): 924

High phase angle is positively correlated with
BMI in the study by Siddiquiet et al in 2016 [27]
and this was similar to the study reported by us
where the phase angle which indicated cell integ-
rity was associated with good performance status,
low T stage, low fat and high BMI.

Adam and colleagues reported that stage IV
CRC treated with oxaliplatin-based chemotherapy
achieved a 5-year survival rate of 33% [28]. This
was in concordance with our data about OS (37.6%).

In univariate analysis the factors with statis-
tical significance were age, performance status,
phase angle, pretreatment tumor markers, site,
surgery, T stage, N stage, LVI, post treatment tu-
mor markers, KRAS, regimen of chemotherapy and
overall response. Tumor site, palliative surgery, T
and N stage were predictive of OS in many trials
[29,30].

In multivariate analysis, the factors that main-
tained statistical significance with OS were KRAS
and overall response. The first to identify a link
between KRAS and lack of response of epidermal
growth receptor targeted therapy were Lievre et al
[31] who reported that OS was significantly higher
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in KRAS wild type versus mutated one (median OS:
16.3 mo vs 6.9 mo, respectively, p=0.010).

Positive effect of high BMI was detected with
OS in all gastrointestinal malignancies except pan-
creas [32]. In our series, high BMI was associated
with higher OS in both mutated and wild groups
but it was statistically insignificant.

Median PFS was 48 months. Five-year PFS
was 48.4%. In univariate analysis, the factors with
statistical significance were age, site, surgery, T
stage, N stage, LVI, perineural invasion, and post
treatment markers (CEA-CA19.9). Surgery, T stage,

References

1. Ferlay J, Soerjomataram I, Siegel RL et al. Global Can-
cer Statistics 2018. GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin . The online GLOBOCAN 2018
database is accessible at HTTP://gco.iarc.fr/, as part of
IRACs GLOBAL CANCER OBSERVATORY.

2. Nunez C, Nair-Shalliker V, Egger S, Sitas F, Bauman A.
Physical activity, obesity and sedentary behaviour and
the risks of colon and rectal cancers in the 45 and up
study. BMC Public Health 2018;18:325.

3. Salaiin H, Thariat J, Vignot M, Merrouche Y, Vignot S.
Obesity and cancer. Bull Cancer 2017;104:30-41.

4. Keum N, Greenwood DC, Lee DH et al. Adult weight
gain and adiposity-related cancers: a dose-response
meta-analysis of prospective observational studies. ]
Natl Cancer Inst 2015;107. Doi 10.1093/jncijv088.

5. Song M, Hu FB, Spiegelman D et al. Long-term status
and change of body fat distribution, and risk of colorec-
tal cancer: a prospective cohort study. Int J Epidemiol
2016;45:871-83.

6. Zafar Y, Hubbard J, Van Cutsem E et al. Survival Out-
comes According to Body Mass Index (BMI): Results
from a Pooled Analysis of 5 Observational or Phase
IV Studies of Bevacizumab in Metastatic Colorectal
Cancer (mCRC). Barcelona: ESMO World Congress on
Gastrointestinal Cancer; 2015.

7. Simkens LH, Koopman M, Mol L et al. Influence of
body mass index on outcome in advanced colorectal
cancer patients receiving chemotherapy with or with-
out targeted therapy. Eur J Cancer 2011;47:2560-7.

8. Barel F, Doucet L, Uguen A. Towards a RAS mutation
status in a single day for patients with advanced colo-
rectal cancers. Dig Liver Dis 2018;50:736-9.

9. Brdndstedt J, Wangefjord S, Nodin B et al. Associations
of anthropometric factors with KRAS and BRAF muta-
tion status of primary colorectal cancer in men and
women: a cohort study.PLoS One 2014;9:e98964.

10. Prasanna T, Karapetis CS, Roder D et al. The survival
outcome of patients with metastatic colorectal cancer
based on the site of metastases and the impact of mo-
lecular markers and site of primary cancer on meta-
static pattern. Acta Oncol 2018;57:1438-44.

and lymphovascular invasion maintained statisti-
cal significance on multivariate analysis similar to
that reported by Jang et al in 2016 [33].

In conclusion, high phase angle was associated
with improved performance status, low T stage, low
fat and high BMI. High BMI was associated with
improved OS in all KRAS subgroups but without
statistical siginficance.

Conflict of interests

The authors declare no conflict of interests.

11. Tosi F, Magni E, Amatu A et al. Effect of KRAS and
BRAF mutations on survival of metasatic colorectal
cancer after liver resection . a systematic review and
metaanalysis. Clin Colorectal Cancer 2017;16:e153-63.

12. Grundmann O, Yoon SL, Williams J]J. The value of bio-
electrical impedance analysis and phase angle in the
evaluation of malnutrition and quality of life in can-
cer patients--a comprehensive review. Eur J Clin Nutr
2015;69:1290-7.

13. Thoresen L, Frykholm G, Lydersen S et al. Nutritional
status, cachexia and survival in patients with advanced
colorectal carcinoma. Different assessment criteria for
nutritional status provide unequal results. Clin Nutr
2013;32:65-72.

14. Fernandes SA, Bassani L, Nunes FF et al. Nutritional as-
sessment in patients with cirrhosis. Arq Gastroenterol
2012;49:19-27.

15. Dittmar M, Reber H, Kahaly GJ et al. Bioimpedance
phase angle indicates catabolism in Type 2 diabetes.
Diabet Med 2015;32:1177-85.

16. Hui D, Bansal S, Morgado M et al. Phase angle for
prognostication of survival in patients with advanced
cancer: preliminary findings. Cancer 2014;120:2207-14.

17. Castillo-Martinez L, Castro-Eguiluz D, Copca-Mendoza
ET et al. Nutritional Assessment Tools for the Identifi-
cation of Malnutrition and Nutritional Risk Associated
with Cancer Treatment. Rev Invest Clin 2018;70:121-5.

18. Myte R, Gylling B, Hdggstrom ] et al. Metabolic fac-
tors and the risk of colorectal cancer by KRAS and
BRAF mutation status. Int J Cancer 2019. doi: 10.1002/
ijc.32104.

19. Schwartz LH, Litiére S, de Vries E et al. RECIST 1.1-Up-
date and clarification: From the RECIST committee. Eur
J Cancer 2016; 62:132-7.

IBM: How to cite IBM SPSS Statistics or earlier ver-
sions of SPSS. 2014. http://www-01.ibm.com/support/
docview.wss?uid=swg21476197 (accessed August 31,
2014).

21. https://www.ncbinlm.nih.gov/pubmed/23848525. Rol-
fo C, Russo A, Santini D et al. Dilemma in metastatic

colorectal cancer: VEGF versus EGRF targeting. Expert
Opin Ther Targets 2013;17:869-71.

20.

JBUON 2020; 25(2): 925



926

Phase angle, body mass index and KRAS in colorectal cancer

22.

23.

24.

25.

206.

27.

Kaczirek K, Ciuleanu TE, Vrbanec D et al. FOLFOX4
plus Cetuximab for Patients With Previously Untreated
Metastatic Colorectal Cancer According to Tumor RAS
and BRAF Mutation Status: Updated Analysis of the
CECOG/CORE 1.2.002 Study. Clin Colorectal Cancer
2015;14:91-8.

Nash GM, Gimbel M, Shia J et al. KRAS mutation cor-
relates with accelerated metastatic progression in pa-
tients with colorectal liver metastases. Ann Surg Oncol
2010;17:572-8.

Dolatkhah R, Somi MH, Shabanloei R et al. Main Risk
Factors Association with Proto-Oncogene Mutations
in Colorectal Cancer. Asian Pac J Cancer Prev 2018 ;
19:2183-90.

Toiyama Y, Hiro J, Shimura T et al. The impact of body
mass index on oncological outcomes in colorectal
cancer patients with curative intent. Int J Clin Oncol
2016;21:1102-10.

Loupakis F, Yang D, Yau L et al. Primary tumor location
as a prognostic factor in metastatic colorectal cancer. J
Natl Cancer Inst 2015;107 (3). pii: dju427. doi: 10.1093/
jnci/djud27.

Siddiqui NI, Khan SA, Shoeb M et al Anthropometric
Predictors of Bio-Impedance Analysis (BIA) Phase An-
gle in Healthy Adults. J Clin Diagn Res 2016;10:CC01-4.

JBUON 2020; 25(2): 926

28.

29.

30.

31.

32.

33.

Adam R, Avisar E, Ariche A et al. Five-year survival fol-
lowing hepatic resection after neoadjuvant therapy for
nonresectable colorectal. Ann Surg Oncol 2001;8:347-
53.

Wei Y, Xu H, Dai J et al. Prognostic Significance of Se-
rum Lactic Acid, Lactate Dehydrogenase, and Albumin
Levels in Patients with Metastatic Colorectal Cancer.
Biomed Res Int 2018;1:1804086.

Kim MS, Park EJ, Kang J et al. Prognostic factors
predicting survival in incurable stage IV colorectal
cancer patients who underwent palliative primary tu-
mor resection. Retrospective cohort study. Int J Surg
2018;49:10-5.

Lievre A, Bachet JB, Le Corre D et al. KRAS mutation
status is predictive of response to cetuximab therapy in
colorectal cancer. Cancer Res 2006;66:3992-5.

Han J, Zhou Y, Zheng Y et al. Positive Effect of Higher
Adult Body Mass Index on Overall Survival of Diges-
tive System Cancers Except Pancreatic Cancer: A Sys-
tematic Review and Meta-Analysis. Biomed Res Int
2017;2017:1049602.

Jang KU, Kim CW et al. Prognostic Factors in Terms
of the Number of Metastatic Nodules in Patients with
Colorectal Cancer Liver Metastases. Ann Coloproctol
2016;32:92-100.



