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Abstract

Purpose Temporary ileostomy is sometimes created after colorectal surgery and may cause renal impairment. However, the
impact of ileostomy on renal function during adjuvant chemotherapy for colorectal cancer (CRC) remains unknown. The aim
of the present study was to examine the effects of ileostomy on renal function during adjuvant chemotherapy.

Methods We examined 184 patients who received adjuvant CAPOX therapy (capecitabine and oxaliplatin) for CRC with
or without ileostomy between January 2011 and December 2020 at the University of Tokyo Hospital. Clinicopathological
factors, including renal function, were retrospectively reviewed in association with temporary ileostomy. Factors associated
with reductions in the estimated glomerular filtration rate (¢GFR) during CAPOX therapy were analyzed.

Results Eighteen patients (10%) underwent temporary ileostomy. The maximum decrease in eGFR during CAPOX therapy
was significantly higher in patients with than in those without ileostomy (— 16.1 vs. — 5.6 mL/min/1.73m?, p=0.003). A
multivariate analysis identified ileostomy as one of factors independently associated with reductions in eGFR during CAPOX
therapy (p=0.003). The cumulative number of readmission due to dehydration was also higher in patients with ileostomy
(33% vs. 1%, p<0.001).

Conclusions Ileostomy significantly reduced eGFR during adjuvant CAPOX therapy. Therefore, renal function needs to be

monitored during CAPOX therapy, particularly in patients with ileostomy.
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Introduction

Colorectal cancer (CRC) is the fourth most commonly
diagnosed and third most deadly cancer worldwide [1, 2],
and radical surgery is the mainstay of treatment for patients
with resectable CRC. Based on the significant efficacy of
5-fluorouracil and oxaliplatin for reducing the postoperative
recurrence of CRC after curative resection [3-5], a growing
number of CRC patients are likely to receive oxaliplatin-
based adjuvant chemotherapy after radical colorectal surgery
to prevent recurrence [6-9]. However, CAPOX therapy, a
standard adjuvant regimen consisting of capecitabine and
oxaliplatin, frequently causes digestive toxicities, such as
vomiting and diarrhea, which may result in renal impair-
ment [10].
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Anastomotic leakage remains a severe complication after
colorectal surgery, with considerable morbidity and adverse
oncological outcomes [11, 12]. Previous studies showed that
stoma creation reduced the risk of reoperation and sepsis
in colorectal surgery [13, 14]; therefore, a covering stoma
is often constructed to protect an anastomosis. Stomas are
often accompanied by several morbidities, such as wound
infection, prolapse, parastomal hernia, skin irritation, and
a high output [13-15]. Ileostomy is now more frequently
selected, because overall stoma-related comorbidities are
less frequent than in colostomy patients [13—16].

One of the most common complications of ileostomy is
dehydration. A high stoma output results in the depletion of
salt and water, and is also a common cause of readmission
[17-19]. Therefore, patients with ileostomy may be sus-
ceptible to chemotherapy-induced dehydration. However,
limited information is currently available on the relation-
ship between ileostomy and renal dysfunction induced by
CAPOX therapy.
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The aim of the present study was to clarify changes in the
renal function of CRC patients with ileostomy during the
sequence of surgery and adjuvant CAPOX, and investigate
whether temporary ileostomy is a risk factor for renal dys-
function caused by CAPOX therapy.

Materials and methods
Patients

We investigated consecutive patients who received CAPOX
therapy for CRC in the adjuvant setting between January
2011 and December 2020 at the University of Tokyo Hos-
pital. Patients who received adjuvant chemotherapy at other
hospitals, those who underwent stoma closure in the middle
of chemotherapeutic cycles, patients who experienced the
recurrence of CRC within 6 months after radical resection,
and those without available data on renal function before,
during, or after CAPOX were excluded.

For comparison of postoperative change in renal func-
tion, we also investigated consecutive patients who under-
went ileostomy creation and were followed without adjuvant
chemotherapy during the same study period. Patients who
underwent stoma closure within a month, and those who
were followed up for less than 6 months after radical resec-
tion were excluded. Patients who experienced the recurrence
of CRC within 6 months after radical resection, and those
without available data on renal function were excluded as
well.

From the patients collected as mentioned above, those
without available data on renal function 1 year after index
surgery were further excluded in the long-term analysis.

The present study was approved by the Ethics Commit-
tees of the University of Tokyo (No. 3252-[13]).

Stoma creation

Most patients with colon cancer underwent colectomy with
an anastomosis, whereas a double-barreled stoma was cre-
ated in patients after the resection of the tumor-bearing seg-
ment under specific conditions, such as bowel obstruction,
severe hypoalbuminemia, and/or preoperative high-dose
steroid use [20, 21]. Some patients with rectal cancer who
underwent anterior resection and a stapled anastomosis were
also subjected to stoma creation at the surgeon’s discretion in
consideration of the conditions mentioned above and other
factors, such as tumor height from the anal verge and pre-
operative chemoradiotherapy [16]. We created a diverting
stoma in all rectal cancer patients undergoing intersphinc-
teric resection. The terminal ileum 40 cm proximal to the
ileocecal valve was generally selected as a diverting stoma
site in patients with rectal cancer; however, colostomy was

constructed for selected patients when they were consid-
ered to have a reduced chance of stoma reversal based on
additional factors, including age and anorectal function [16].
When patients with a stoma showed a high output, we pre-
scribed probiotics and/or antidiarrheal agents.

In patients with a diverting stoma, we performed
stoma closure essentially after the completion of adjuvant
chemotherapy.

Chemotherapy

CAPOX therapy consisted of the intravenous infusion of
oxaliplatin at 130 mg/m? and the oral administration of
capecitabine at a dose of 1000 mg/m? twice daily for 2
weeks. The treatment course was repeated every 3 weeks
[10]. The initial dose intensities of CAPOX were reduced
for some patients at the discretion of the attending doctor in
consideration of the age of patients, the Eastern Coopera-
tive Oncology Group performance status, and comorbidities.

Basically, the first cycle of CAPOX was administrated
in hospital, and subsequent cycles of CAPOX at outpa-
tient clinic. When patients exhibited severe dehydration,
patients were readmitted and treated with intravenous fluid
replacement.

Data extraction

We retrieved the following data: sex, age, height, weight,
body mass index, comorbidities, such as diabetes, hyperten-
sion, cardiac, pulmonary, renal, and hepatic diseases, use
of steroids, the primary location and cancer stage at diag-
nosis according to the American Joint Committee on Can-
cer staging manual [22], a history of preoperative chemo-
radiotherapy, relative dose intensities of chemotherapeutic
drugs, total cycles of CAPOX, reasons for discontinuation
of CAPOX, total number of readmission, and reasons for
readmission.

Measurement of eGFR

As an index of renal function, we examined the esti-
mated glomerular filtration rate (eGFR). eGFR was cal-
culated using the Japanese Society of Nephrology for-
mula as follows: eGFR (mL/min/1.73m?) = 194 X serum
creatinine 9% x age'0'287 (x0.739 if female) [23].

In the analysis of changes in eGFR of patients dur-
ing CAPOX therapy, we divided patients into two groups
according to ileostomy, namely, the ‘lleostomy’ and ‘Non-
ileostomy’ groups. Patients with colostomy were classified
into the Non-ileostomy group. We measured eGFR at the
following timepoints: before the first cycle of CAPOX as
baseline (usually at the first outpatient visit after discharge),
before each subsequent course of CAPOX, within 3 months
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after the last course of CAPOX, and 1 year after index sur-
gery. eGFR was additionally measured when patients exhib-
ited symptoms suggestive of dehydration. We also reviewed
the lowest eGFR value during all CAPOX cycles. Accord-
ing to the RIFLE criteria for acute kidney injury [24], we
defined >25% reduction in eGFR from the baseline as clini-
cally important renal impairment.

In patients with temporary ileostomy who did not receive
adjuvant chemotherapy, we retrieved eGFR at the first out-
patient visit after discharge as baseline. In addition, we
extracted the lowest eGFR value before stoma closure.

Statistical analyses

Statistical analyses were performed using JMP Pro 15.0.0
(SAS institute, Cary, NC, USA). All variables were sum-
marized as medians (range), means + standard deviations,
or numbers (percentages). Quantitative variables were com-
pared using the Mann—Whitney U test. Categorical variables
were compared using Fisher’s exact test. Univariate and mul-
tivariate regression analyses were performed to identify risk
factors for reductions in eGFR during CAPOX therapy. Vari-
ables with a p value less than 0.05 in the univariate analy-
sis were subjected to a multivariate analysis. All reported
p values were two-sided, and results were considered to be
significant if the p value was less than 0.05.

Results

Among 187 patients who received adjuvant CAPOX therapy,
184 were included in the present study. Eighteen patients
(10%) underwent ileostomy (Fig. 1).

Table 1 summarizes the details of patients divided accord-
ing to ileostomy. There were significantly more male patients
in the Ileostomy group (78% vs. 52%, p=0.047). Patients
with hypertension were only present in the non-ileostomy
group (0% vs. 30%, p=0.004). All patients in the Ileostomy
group underwent surgery for rectal cancer (p <0.001), and,
thus, significantly more patients received preoperative
chemoradiotherapy (39%) in the Ileostomy group than in
the Non-ileostomy group (7%, p <0.001). Other background
characteristics were similar between the two groups.

Table 2 shows the outcomes of adjuvant CAPOX ther-
apy. CAPOX was discontinued due to dehydration more
frequently in the Ileostomy group than the Non-ileostomy
group (11% vs. 0%, p=0.009). In addition, there were more
patients readmitted for dehydration (33% vs. 1%, p <0.001)
and allergy (6% vs. 0%, p=0.002) in the Ileostomy group.
No significant differences were observed in other parameters
between the two groups.

Mean eGFR at baseline was 77.7 in the Ileostomy group
and 78.5 in the Non-ileostomy group (p =0.95). Figure 2
shows changes in eGFR in the Ileostomy and Non-ileos-
tomy groups. The minimum eGFR in both groups during
CAPOX was significantly lower than the baseline (p =0.008,
p=0.002) and recovered after CAPOX. eGFR 1 year after
index surgery was similar to the level before CAPOX in
both groups.

The changes observed in eGFR over the treatment course
of CAPOX were compared between the Ileostomy and Non-
ileostomy groups. As shown in Fig. 3, the magnitude of
the maximum reduction in eGFR was significantly larger
in the Ileostomy group than in the Non-ileostomy group
during CAPOX therapy (— 16.1 vs. — 5.6 mL/min/1.73m?,
p=0.003). However, no intergroup difference was noted in

Fig.1 Study flow diagram for
analyses

Patients treated with adjuvant CAPOX therapy
after colorectal surgery between 2011 and 2020 (n = 187)

Previously treated at another hospital (n = 1)
——1{ No available data on renal function during CAPOX (n = 1)
Stoma closure in the middle of CAPOX cycles (n = 1)

Patients included in this study (n = 184) |

I CAPOX, ileostomy group (n = 18) I

CAPOX, non-ileostomy group (n = 166)
Colostomy (n =12)
No ostomy (n = 154)

No available data on renal function
one year after index surgery (n = 1)

No available data on renal function
one year after index surgery (n = 3)

Analysis of eGFR one year
after index surgery (n = 17)
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Table 1 Clinicop Tatholog.ical Variable Ileostomy group Non-ileostomy group p value
parameters of patients with and (n=18) (n=166)
without ileostomy
Demographic data
Age, years 56 (39-75) 59 (26-82) 0.32
Sex, male 14 (78%) 87 (52%) 0.047
Body mass index, kg/m2 22 (17-35) 22 (15-39) 0.99
ECOG PS
0 18 (100%) 164 (99%) 1.00
1 0 (0%) 2 (1%)
Comorbidity
Diabetes 1 (6%) 23 (14%) 0.48
Hypertension 0 (0%) 49 (30%) 0.004
Cardiac disease 1 (6%) 10 (6%) 1.00
Pulmonary disease 3 (17%) 11 (7%) 0.14
Chronic renal disease 0 (0%) 0 (0%) N/A
Chronic liver disease 0 (0%) 2 (1%) 1.00
Use of steroids 0 (0%) 1 (1%) 1.00
Tumor location <0.001
Appendix 0 (0%) 2 (1%)
Cecum 0 (0%) 16 (10%)
Ascending colon 0 (0%) 24 (14%)
Transverse colon 0 (0%) 10 (6%)
Descending colon 0 (0%) 4 2%)
Sigmoid colon 0 (0%) 46 (28%)
Rectum 18 (100%) 64 (39%)
Stage at cancer diagnosis 0.82
1T 2 (11%) 17 (10%)
I 15 (83%) 130 (77%)
v 1(6%) 19 (11%)
Metastasized organ
Liver 1(6%) 8 (5%) 1.00
Lung 0(0%) 1 (1%) 1.00
Peritoneum 0 (0%) 9 (5%) 0.60
Others 0(0%) 1 (1%) 1.00
Preoperative chemoradiotherapy 7 (39%) 11 (7%) <0.001

Values are presented as the numbers of patients (%), or medians (range)

ECOG PS Eastern Cooperative Oncology Group Performance Status, N/A not applicable

changes in eGFR at the end of CAPOX therapy from base-
line (Fig. 3).

Figure 4 shows the timepoint at which eGFR decreased
the most during CAPOX therapy. The maximum reduc-
tion in eGFR was frequently observed in the first cycle of
CAPOX in 83 patients (45%), and during the latter four
cycles of CAPOX in 46 patients (25%). When confined to
the Ileostomy group (18 patients), more patients (33%, six
patients) showed the lowest eGFR during the latter four
cycles (Fig. 4 inset).

We analyzed clinicopathological factors to identify risk
factors for reductions in eGFR during CAPOX therapy. As
shown in Table 3, the univariate analysis demonstrated that

the decline in eGFR during CAPOX therapy correlated with
ileostomy (p <0.001), eGFR before CAPOX (p =0.006),
rectal tumor (p =0.014), and preoperative CRT (p =0.010).
Among these variables, ileostomy and eGFR before CAPOX
were independently associated with reductions in eGFR dur-
ing CAPOX therapy in the multivariate analysis (p =0.003
and p=0.005, respectively, Table 3).

Finally, we compared postoperative changes in eGFR in
ileostomy patients classified according to the implementa-
tion of adjuvant CAPOX. Compared to 178 patients with
ileostomy who did not receive adjuvant chemotherapy (Sup-
plementary Figure 1), patients in the Ileostomy group were
diagnosed at more advanced stage (p <0.001, Supplementary
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Table 2 Outcomes of adjuvant
CAPOX therapy

Fig.2 eGFR values in patients
with or without ileostomy
during sequential treatments of
surgery and adjuvant CAPOX.
eGFR estimated glomerular
filtration rate; *: p <0.05 vs.
eGFR before CAPOX; f: the
lowest eGFR during CAPOX
therapy

Table 1). The magnitude of the maximum reduction in eGFR
was larger in the Ileostomy group than in ileostomy patients
without adjuvant chemotherapy (— 16.1 vs. — 8.3, p=0.018,

@ Springer

Variable

Ileostomy group
(n=18)

Non-ileostomy group  p value
(n=166)

RDI
Capecitabine, %
Oxaliplatin, %

Number of cycles

Completion of eight cycles

Reasons for discontinuation

Peripheral neuropathy
Recurrence
Liver injury
Fatigue
Hand—foot syndrome
Nausea and vomiting
Diarrhea
Dizziness
Dehydration
Anorexia
Abdominal pain
Neutropenia

Others

Accumulated number of readmission

Dehydration

Bowel obstruction
Enteritis

Nausea and vomiting
Allergy

80.6+19.4
773283
8 (1-8)

10 (56%)

1 (6%)
1 (6%)
1 (6%)
1 (6%)
1 (6%)
0 (0%)
0 (0%)
0 (0%)
2(11%)
0 (0%)
0 (0%)
0 (0%)
1 (6%)
7 (39%)
6 (33%)
0 (0%)
0 (0%)
0 (0%)
1 (6%)

83.8+16.8 0.50
86.4+17.8 0.32
8 (1-8) 0.55
101 (61%) 0.66
9 (5%) 1.00
9 (5%) 1.00
3(2%) 0.34
3(2%) 0.34
2(1%) 0.27
3(2%) 1.00
3(2%) 1.00
3(2%) 1.00
0 (0%) 0.009
2(1%) 1.00
2(1%) 1.00
1 (1%) 1.00
7 (4%) 0.57
8 (5%) 0.004
1 (1%) <0.001
3(2%) 0.57
2(1%) 0.65
2(1%) 0.65
0 (0%) 0.002

Values are presented as the numbers of patients (%), medians (range), or the means + standard deviations

RDI relative dose intensity

100 -
& 90 A
§
N 80 - O lleostomy
E 70 A O Non-ileostomy
3
E 60
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CAPOX CAPOX CAPOX after surgery * 1 p<0.05
(Baseline)
No. of patients: 18 166 18 166 18 166 17 163
Mean eGFR (mL/min/1.73m?2): 77.7 78.5 61.6 72.8 741 80.7 76.8 75.6
Mean days after surgery: 35 27 220 246 364 367

Supplementary Table 2). The accumulated number of read-
mission due to dehydration was also higher in the Ileostomy
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Fig.3 Comparison of reductions in eGFR between Ileostomy and
Non-ileostomy groups. eGFR estimated glomerular filtration rate; :
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Fig.4 Timepoint at which the maximum reduction in eGFR occurred
during CAPOX therapy. Results for the Ileostomy group alone were
shown in the inset

group than in ileostomy patients without CAPOX (33% vs.
3%, p=0.004, Supplementary Table 2).

Discussion

Previous studies reported that ileostomy formation caused
renal impairment in 0.8-20% of treated patients [17-19,
25]. The decline in eGFR associated with ileostomy ranged
between 4.4 and 6.0 mL/min/1.73m? [26-28]. However,
changes in eGFR during adjuvant CAPOX therapy remain
unclear. The present study is the first to investigate declines
in eGFR during CAPOX therapy in patients with diverting
ileostomy.

We showed that eGFR in patients with ileostomy
decreased by up to 16.1 mL/min/1.73m? during CAPOX
(Fig. 3), and that patients with ileostomy were readmitted
more frequently than patients without ileostomy during
CAPOX therapy (Table 1). Moreover, ileostomy formation
was identified as an independent risk factor for renal dys-
function during CAPOX (Table 2). CAPOX therapy often
induces dehydration through digestive toxicities, including
diarrhea. A clinical trial previously demonstrated that 3%
of patients developed grade 3/4 dehydration during CAPOX
therapy [10]. In addition, ileostomy patients were more sus-
ceptible to dehydration due to the high-volume output of
intestinal fluids from ileostomy and/or fluid malabsorption
in the colon [29-31]. On the other hand, we demonstrated
that ileostomy alone did not cause a considerable decline in
eGFR and frequent readmission by the comparative analy-
ses between ileostomy patients with and without CAPOX
(Supplementary Table 2). Therefore, significant declines in
renal function may be attributed to complications caused by

Table 3 Univariate and

S Variable Univariate regression coef- p value  Multivariate regression p value

multivariate ar}alyses of fac.tors ficient (95% CI) coefficient (95% CI)

related to maximum reductions

in eGFR (>25% or <25%) Age —0.002 (- 0.05 to+0.05) 094 - -

during CAPOX Sex (male) 0.26 (- 0.33 to+0.94) 040 - -
BMI —0.08 (- 26 to+0.07) 034 - -
Diabetes —0.44 (- 1.09 to+0.34) 022 - -
Hypertension 0.32 (- 0.37 to+1.26) 043 - -
Use of steroids 5.77 (— 2.23 to+1195) 099 - -
eGFR before CAPOX 0.038 (+0.011 to+0.066) 0.006 0.045 (+0.015 to+0.079) 0.005
Ileostomy 1.30 (+0.65 to+1.95) <0.001 1.26 (+0.46 to+2.20) 0.003

Rectal tumor

0.97 (+0.28 to+1.92)

0.014 0.41 (- 0.55 to+1.46) 0.40

Preoperative CRT 0.87 (+0.16 to+1.51) 0.010 0.11 (- 0.73 to+0.89) 0.79
RDI of capecitabine 2.30 (— 1.54 to+7.60) 032 - -
RDI of oxaliplatin —1.84 (- 4.11t0+0.82) 0.13 - -

Number of cycles of CAPOX 0.11 (— 0.14 to+0.47)

044 - -

BMI body mass index, eGFR estimated glomerular filtration rate, CRT chemoradiotherapy, RDI relative

dose intensity, CI confidence interval
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both ileostomy and chemotherapy in the patients examined
in the present study.

During CAPOX therapy, the first cycle was the most fre-
quent timepoint at which the maximum reduction in eGFR
was observed (Fig. 4). Regarding the prevention of renal
dysfunction after ileostomy formation, previous studies
underscored the importance of the early management of flu-
ids and electrolytes after surgery [25, 32]. Due to the decline
in eGFR induced by CAPOX, early management may be of
similar importance, particularly in ileostomy patients receiv-
ing CAPOX therapy. In our hospital, we implemented early
intervention if patients exhibited symptoms of dehydration.
This might contribute to preventing further decreases in
eGFR after the first cycle of CAPOX.

In addition, temporary ileostomy closure before adjuvant
CAPOX may be an alternative way to reduce the potential
risk of renal impairment. Several studies showed that delay
in adjuvant chemotherapy was associated with worse sur-
vival [33, 34]. Clinical guidelines recommend that adju-
vant chemotherapy should be initiated within 8 weeks after
radical resection [6, 7, 35]. On the other hand, patients are
usually readmitted to undergo elective stoma closure after
hospitalization for CRC surgery due to the rules of the
health insurance system in Japan. Yaegashi et al. proposed
early stoma closure in selected patients as renal impairment
observed after ileostomy did not improve after stoma closure
[27]. Therefore, early stoma closure before the implemen-
tation of adjuvant chemotherapy is a practical option for
selective patients who did not develop postoperative com-
plications after radical resection.

The lowest eGFR was noted in 25% of patients showed
after four cycles of CAPOX, and ileostomy patients showed
declines in eGFR in the latter half cycle more frequently
than those without ileostomy (Fig. 4). The IDEA collabo-
ration demonstrated that adjuvant CAPOX therapy for 3
months was not inferior to that for 6 months in low-risk stage
IIT CRC patients with a depth of T1-3 and N1 lymph node
metastasis [36, 37]. Therefore, we recommend 3 months of
CAPOX therapy for patients with the above risk factors for
CAPOX-induced declines in eGFR.

The present study has several limitations. It was a retro-
spective study conducted at a single hospital with a small
patient cohort. There were differences in several baseline
characteristics between the groups. For example, ileostomy
was created in only rectal cancer patients. However, we con-
sider that the renal function during adjuvant chemotherapy
after surgery is basically independent of primary tumor
location. Moreover, this study may have included a selec-
tion bias; adjuvant CAPOX may not have been selected for
elderly patients or those with background comorbidities,
including renal dysfunction. In addition, we did not measure
the daily ileostomy output after discharge. Furthermore, the
relationship between renal impairment induced by CAPOX

@ Springer

and long-term renal function or survival was not investi-
gated. We could not compare long-term changes in eGFR
in ileostomy patients followed without CAPOX as most of
these patients received stoma closure within a few months.

Conclusions

Ileostomy is a risk factor for renal impairment during
CAPOX therapy. Future studies with a larger patient cohort
are needed to confirm the present results. Renal function
needs to be carefully monitored during CAPOX therapy,
particularly in patients with ileostomy.
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