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Abstract
Background Neoadjuvant chemoradiation (CRT) impairs bowel function in patients with rectal cancer treated with total
mesorectal excision (TME). The impact of other forms of neoadjuvant therapy such as neoadjuvant chemotherapy
alone (NC) and induction chemotherapy followed by CRT (total neoadjuvant therapy or TNT) on postoperative bowel
function has not been investigated.
Methods We conducted a retrospective review of 176 rectal cancer patients treated between November 1, 2011, and
August 31, 2017. All patients completed the MSKCC Bowel Function Instrument (BFI), a validated bowel function
questionnaire, at least 6 months after TME and/or ileostomy reversal. Differences in BFI scores were compared across
four groups (surgery alone, CRT, NC, and TNT) and also according to exposure to neoadjuvant RT and neoadjuvant
chemotherapy. A multivariable linear regression model was used to evaluate the independent relationship between
exposure to neoadjuvant RT or chemotherapy and BFI.
Results BFI total scores were significantly different between the four groups (p = 0.008). Exposure to RT correlated with worse
BFI total scores (p = 0.002), and no differences were found in BFI total score after exposure to neoadjuvant chemotherapy (p =
0.92). In a linear regressionmodel, only exposure to RT (β = − 5.1; 95% CI − 8.9 to − 1.3; p = 0.008) and tumor distance from the
anal verge (β = 1.23; 95% CI 0.48 to 1.97; p = 0.001) were significantly correlated with BFI total score.
Conclusion NC, whether administered alone or added to CRT, does not seem to impair bowel function. These data should be used
to counsel rectal cancer patients when discussing neoadjuvant therapy options.

Keywords Neoadjuvant therapy . Patient-reported outcomes . Rectal neoplasm . Total neoadjuvant therapy . Induction
chemotherapy

Introduction

In the past two decades, advances in the management of rectal
cancer have resulted in lower rates of recurrence and longer

survival.1–4 With the introduction of new surgical techniques
and neoadjuvant therapies (NAT), more patients are undergo-
ing sphincter-preserving surgery and fewer patients require a
permanent stoma.5,6 Nevertheless, a significant proportion of
patients who have undergone sphincter-preserving total
mesorectal excision (TME) report significant bowel
dysfunction.7,8

Bowel dysfunction after sphincter-preserving surgery en-
compasses a broad spectrum of symptoms including, among
others, fecal incontinence, urgency, and difficulty with evac-
uation. This group of heterogeneous symptoms, referred to as
low anterior resection syndrome (LARS),9 arise after surgery,
with a considerable proportion of patients suffering a lifelong
major impact in their quality of life.10
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Since chemoradiotherapy (CRT) is one of the most impor-
tant risk factors for bowel dysfunction after TME,7,11,12 novel
NAT strategies have been devised with the goal of striking a
balance between oncological and functional outcomes. One
approach uses neoadjuvant chemotherapy (NC) alone, which
according to preliminary findings does not seem to compro-
mise oncological outcomes for selected patients with clinical
stage II or III disease.13 Alternatively, total neoadjuvant ther-
apy (TNT), comprising a full dose of induction chemotherapy
followed by CRT, has been increasingly adopted and is asso-
ciated with comparatively higher rates of clinical and patho-
logic complete responses and a possible greater likelihood of
organ preservation.14 However, the effects of these novel
NATs relative to patients’ postoperative bowel function have
not been thoroughly evaluated. Our study was therefore aimed
at comparing postoperative bowel function between patients
who received NC, TNT, CRT, or surgery alone (SA).

Materials and Methods

Patients

The study was approved by the institutional review board of
Memorial Sloan Kettering Cancer Center (MSK), and a waiv-
er of informed consent was obtained. We retrospectively iden-
tified patients who underwent sphincter-preserving TME at
MSK between November 1, 2011, and August 31, 2017, for
primary stage I, II, or III rectal adenocarcinoma located within
10 cm from the anal verge. Patients were excluded if they had
a previous history of bowel dysfunction or inflammatory bow-
el disease, underwent extended rectal resection, or had incom-
plete data on postoperative bowel function. Standard demo-
graphic, clinical, surgical, and pathological data were
collected.

Treatment

The choice of NATwas based on patient-specific recommen-
dations of the multidisciplinary disease management team. SA
was considered as the initial approach only for T1–T2 tumors
with low-risk features, and NATwas reservedmainly for stage
II/III disease. During the initial period of this study, patients
were more likely to receive CRTalone as the standard of care.
Based on the results of a pilot institutional trial,13 NC alone
was considered for selected stage II/III rectal cancer patients
with a good tumor response as assessed by clinical, endoscop-
ic, and imaging evaluation after completion of the full dose of
upfront chemotherapy. TNT has been increasingly used at our
institution as the standard treatment for locally advanced rectal
cancer and for selected patients with distal stage I tumors who
are interested in avoiding a stoma. This shift toward TNTwas
justified by the potential improved compliance with the

delivery of planned systemic therapy, increased rates of com-
plete response (clinical and pathological), earlier administra-
tion of systemic chemotherapy for possible micrometastases,
and quicker reversal of diverting loop ileostomies.14

Four groups of patients were defined based on the type of
NAT received: SA, CRT, NC, and TNT. The CRT group re-
ceived a total of 50 or 50.4 Gy in 25 or 28 radiotherapy frac-
tions, respectively, with concurrent infusional fluorouracil or
oral capecitabine twice daily for 5 to 6 weeks. The NC group
received either eight cycles of mFOLFOX6 (leucovorin, fluo-
rouracil, and oxaliplatin), five cycles of CAPOX (capecitabine
and oxaliplatin),15–17 or FLOX (weekly fluorouracil-
leucovorin and biweekly oxaliplatin).18 The TNT group re-
ceived induction chemotherapy as per the NC group, followed
by CRT 2 to 3 weeks later.

TME was performed using a standard open or minimally
invasive approach (depending on the surgeon’s preference),
usually 8 to 12 weeks after completion of NAT in the CRT
and TNT groups or 4 weeks after completion of NAT in the
NC group. A colorectal or coloanal anastomosis was per-
formed using either the hand-sewing or double-stapling tech-
nique depending on tumor location. A temporary diverting
loop ileostomy was created depending on tumor location, pa-
tient characteristics, and the surgeon’s judgment.

Postoperative Bowel Function

Postoperative bowel function was assessed as part of routine
clinical care using the MSK Bowel Function Instrument
(MSK BFI) at least 6 months after TME or ileostomy closure.
The MSK BFI questionnaire was specifically designed to as-
sess bowel function after sphincter-preserving surgery for rec-
tal cancer19 and is the most comprehensive of the question-
naires currently in use.20 It consists of 18 questions recalling a
4-week time frame. Fourteen questions are grouped in 3 sub-
scales, each one of them evaluating an important dimension of
bowel function (diet, urgency/soilage and frequency), with 4
individual questions. The BFI total score is obtained using a
linear scale and an equal-weighting scoring system in which
each question has five possible answers ranging from “never”
to “always,” except for one question asking about the number
of bowel movements per 24 h. The BFI total score ranges from
18 to 90, with accounting for the possibility of missing data
and with a score of 90 indicating the best possible bowel
function measured with this questionnaire (Appendix). The
main strength of this questionnaire is in the meticulous design
and comprehensive evaluation of bowel dysfunction after
TME aswell as correlation with clinically significant variables
and quality of life instruments.

As an initial approach, BFI total scores were compared
among the four groups of patients. Then, the scores were
compared between patients who were exposed to radiotherapy
(CRT and TNT groups) and patients who were not (SA and
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NC groups) and also between patients who received neoadju-
vant chemotherapy (NC and TNT groups) and those who did
not (SA and CRT groups). In an exploratory analysis, differ-
ences between the BFI subscale scores of the four groups were
evaluated.

Statistical Analysis

Statistical analysis was performed using SAS v9.4 ® (SAS
Institute Inc., NC, USA). Frequencies and percentages were
calculated for categorical variables, and medians and ranges
were calculated for continuous variables. The chi-square test
for categorical variables and the Wilcoxon rank-sum test or
Kruskal-Wallis test for continuous variables were used to
compare across the treatment groups. To evaluate whether
the treatment group was an independent correlate of BFI, a
multivariable normal regression analysis was fit with BFI as
the dependent variable. This model included known clinically
relevant variables as well as variables found to be significantly
associated with BFI scores in univariate analysis. Variables
that did not reach statistical significance were excluded.
Patients with missing data were excluded from analysis and
all patients were analyzed in the treatment group initially de-
termined. The manuscript was prepared in accordance with
STROBE guidelines.21

Results

A total of 176 patients were included in the analysis: 32 (18.2%)
in the SA group, 12 (6.8%) in the NC group, 34 (19.3%) in the
CRT group, and 98 (55.7%) in the TNT group (Table 1). On
average, patients in the CRT group had tumors located closer to
the anal verge, were more likely to have a hand-sewn anastomo-
sis, had a diverting ileostomy for a longer time, and completed
the BFI after a longer interval following restorative colonic sur-
gery than patients in the other groups (Table 1).

In univariate analysis, there was a statistically significant
difference in total BFI scores between the four groups (p =
0.008) (Fig. 1). Patients exposed to neoadjuvant RT (CRTand
TNT groups) had significantly lower (p = 0.002) total scores
than patients who did not receive RT (SA and NC groups)
(Fig. 2a). We found no differences (p = 0.92) in total scores
between patients who received neoadjuvant chemotherapy
(NC and TNT groups) and patients who did not (SA and
CRT groups) (Fig. 2b).

Total BFI scores were significantly correlated with expo-
sure to RT (β = − 5.1; 95% CI − 8.9 to − 1.3; p = 0.008) and
tumor distance from the anal verge (β = 1.23; 95% CI 0.48 to
1.97; p = 0.001) in a multivariable regression model that in-
cluded exposure to RT (CRT and TNT groups), time from
surgery to survey, and tumor distance. For each centimeter
of tumor distance from the anal verge, the BFI total score

Table 1 Patient demographics, tumor characteristics, and treatment variables in rectal cancer patients treated with TME and no adjuvant therapy (SA),
neoadjuvant chemoradiation (CRT), neoadjuvant chemotherapy, or total neoadjuvant therapy (TNT)

Characteristic SA (n = 32) CRT (n = 34) NC (n = 12) TNT (n = 98) p valuea

Age, median (range) 55.5 (30–75) 54.0 (34–78) 47.5 (25–77) 53.0 (26–72) 0.30

Female, n (%) 17 (53.1) 13 (38.2) 6 (50) 46 (46.9) 0.67

BMI (kg/m2), median (range) 27.3 (18.2–39.5) 26.85 (18.9–41.5) 26.45 (19.9–38.6) 27.1 (18.3–43.6) 0.96

Tumor distanceb, median cm (range) 8.0 (4.0–10.0) 6.75 (1.0–10.0) 8 (4.0–10.0) 8 (1.0–10.0) 0.04

Surgical approach, n (%) 0.46

Robotic 23 (71.9) 21 (61.8) 11 (91.7) 72 (73.5)

Open 6 (18.8) 10 (29.4) 1 (8.3) 22 (22.4)
Laparoscopic 3 (9.4) 3 (8.8) 0 4 (4.1)

Hand-sewn anastomosis, n (%) 3 (9.4) 11 (32.4) 1 (8.3) 19 (19.4) 0.08

Intersphincteric resection, n (%) 2 (6.3) 3 (8.8) 0 6 (6.1) 0.53

Diverting loop ileostomy, n (%) 23 (71.9) 31 (94.0) 10 (83.3) 85 (86.7) 0.14

Months to ileostomy closure, median (range) 4 (2.0–9.0) 7.0 (3.0–23.0) 4.0 (2.0–6.0) 4.0 (1.0–20.0) 0.001

Pathological AJCC stage, n (%)

0 4 (12.5) 12 (35.3) 3 (25.0) 21 (21.4) 0.38

I 16 (50.0) 9 (26.5) 5 (41.7) 32 (32.7)

II 2 (6.3) 6 (17.6) 3 (25.0) 19 (19.4)

III 10 (31.3) 7 (20.6) 1 (8.3) 26 (26.5)

Postoperative complication, n (%) 12 (37.5) 13 (38.2) 4 (33.3) 22 (22.4) 0.20

Months to survey, median (range) 18.0 (6.0–43.0) 22.0 (6.0–38.0) 13.0 (6.0–30.0) 13.0 (6.0–39.0) 0.03

a Kruskal-Wallis test for comparison of all four groups
b From the anal verge
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increased by 1.23 (corresponding to better bowel function),
and exposure to RT decreased the total score by 5.31 points
(corresponding to worse bowel function), when all the other
variables remained constant in the model.

An exploratory univariate analysis of the different BFI sub-
scales between groups is shown in Table 2.We did not observe
any differences in the number of bowel movements and values
on the diet subscale between groups. However, differences in
the frequency and urgency/soilage subscales (p = 0.02 and
p = 0.01, respectively) were observed.

Discussion

Our study indicates that the addition of neoadjuvant chemo-
therapy, independent of whether the patients received CRT or
not, does not seem to be associated with a negative impact on
postoperative bowel function in rectal cancer patients treated
with TME. Conversely, the inclusion of RT is associated with
worse postoperative bowel function.

Our results show that bowel function did not vary sig-
nificantly after the addition of neoadjuvant or induction
chemotherapy. Peripheral neuropathy is one of the most
common side effects of oxaliplatin-based chemotherapy
regimens,22 but the possible effects of this agent on bowel
function have not being properly addressed. A small retro-
spective study tried to evaluate the effects of adjuvant
oxaliplatin on anal continence, showing no difference in
incontinence rates using the Wexner Fecal Incontinence
Score.23 Additionally, a recent cross-sectional study eval-
uating possible predictors of bowel dysfunction in patients
who received NC or CRT24 showed that CRT alone was
associated with a significantly higher risk of developing
major LARS, assessed using the LARS score, a previously

validated screening tool for bowel dysfunction.25 The on-
going PROSPECT trial,26 which is investigating selective
use of radiotherapy after six cycles of induction
FOLFOX6, will probably help to answer this question.

Bowel dysfunction is a well-known adverse effect of neoad-
juvant or adjuvant CRT.27Our results are in agreementwith those
of a large population-based study11 that showed that CRT (either
short or long term) and complete TME were the strongest inde-
pendent risk factors for major bowel dysfunction. However, in
our study, the addition of induction chemotherapy to CRTdid not
have a negative impact on postoperative bowel function. TNT
has been progressively adopted, mainly because of higher rates
of completion of planned systemic chemotherapy, earlier closure
of temporary ileostomy, and higher rates of complete response

Fig. 1 MSK BFI total score for rectal cancer patients treated with TME
and surgery alone (SA, n = 32), neoadjuvant chemotherapy (NC, n = 12),
neoadjuvant chemoradiation (CRT, n = 34), or total neoadjuvant therapy
(TNT, n = 98). Total scores are presented as boxplot with whiskers
(median, interquartile, and full range). The Y-axis does not start at zero

Fig. 2 MSK BFI total score according to whether a the patients received
preoperative radiation (RT, n = 44) or not (no RT, n = 132) or b they
received preoperative chemotherapy (Chemo, n = 110) or not (No
Chemo, n = 66). Total scores are presented as boxplot with whiskers.
The Y-axis does not start at zero
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(pathologic and sustained clinical).14 Another potential benefit of
TNT could be the conservation of normal rectal function by
increasing the rate of organ preservation due to higher rates of
clinical complete response after NAT. However, a recent cross-
match study showed that about a third of the patients who
underwent watch-and-wait (WW) management after a clinical
complete response had major LARS.28 These findings must be
interpreted with caution, as the prevalence of major LARS may
be as high as 19% in healthy women between the ages 50 and
75.29 Our own preliminary unpublished data show that patients
with a clinical complete response who underwent a WW
strategy after NAT had better bowel function on all MSK
BFI subscales and higher total scores than matched patients
who underwent sphincter-preserving TME. Future results
of the OPRA trial,30 which is investigating TNT and non-
operative management, will provide additional information
on the role of TNT relative to bowel function in patients
with locally advanced rectal cancer.

Our study’s limitations include its retrospective design and the
relatively small sample size, which limits the generalizability of
the findings. In addition, the following considerations should be
taken into account.

Tumor distance from the anal verge may not be an appro-
priate surrogate for anastomosis height in some cases. This
potential discrepancy is mitigated somewhat by the study’s
inclusion only of patients whose tumor was within 10 cm from
the anal verge and by inclusion of tumor distance in the mul-
tivariate analysis.

The higher rate of hand-sewn anastomoses in the CRT group
may have contributed to poorer bowel function, but only three
patients in the CRT group underwent an intersphincteric resec-
tion, with no significant difference in the proportion of
intersphincteric resections among the four groups. Exclusion of
patients with a hand-sewn anastomosis did not change the direc-
tion of the results, and adjustment for anastomosis type in mul-
tivariate analysis did not reveal any statistical difference.

Another concern is the potential effect of disuse proctitis on
bowel function, given that the CRT group had a longer median
interval fromTME to ileostomy closure secondary to higher rates
of planned adjuvant chemotherapy. After multivariable adjust-
ment, interval to ileostomy closure was omitted from the final
model due to lack of statistical significance.

Finally, because BFI was administered as part of routine clin-
ical care, the interval from surgery to survey was highly variable
between groups. In a preliminary analysis, we had grouped pa-
tients on the basis of whether they completed the BFI < 1 or ≥
1 year after surgery, and the scores showed similar directionality.

Notwithstanding the above limitations, our study is to our
knowledge the first to compare different NAT strategies of for
rectal cancer in relation to postoperative bowel function. An
important strength of the study is the use of the BFI, which is
the most comprehensive tool available for evaluating postopera-
tive bowel function.

Conclusion

Neoadjuvant chemotherapy, alone or in combination with
CRT, does not seem to impair postoperative bowel func-
tion after TME. Selective use of radiotherapy is likely to
benefit postoperative bowel function in rectal cancer pa-
tients. These data should be taken into consideration when
counseling patients about different NAT strategies and
bowel dysfunction.
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Table 2 Postoperative bowel
function in rectal cancer patients
treated with TME and no adjuvant
therapy (SA), neoadjuvant
chemoradiation (CRT),
neoadjuvant chemotherapy (NC),
or total neoadjuvant therapy
(TNT). Data is presented as
medians with ranges in
parentheses

Variable SA (n = 32) CRT (n = 34) NC (n = 12) TNT (n = 98) p valuea

Bowel movements/day 5 (1–15) 6 (0–20) 4 (2–18) 5 (0–15) 0.26

BFI subscales

Diet 14.0 (4–20) 14.0 (5–18) 14.5 (8–20) 12.0 (4–20) 0.30

Frequency 23.0 (14–30) 21.0 (8–29) 24.0 (17–30) 21.0 (6–30) 0.02

Urgency/soilage 16.0 (8–20) 14.0 (4–20) 18.0 (6–20) 13.5 (4–20) 0.01

a Kruskal-Wallis test for comparison of all four groups
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Appendix. MSK Bowel Function Instrument

Please answer the following questions based on your experience over the last 4 weeks.

1.How many bowel movements did you 

generally have in 24 hours?  

____bowel movements/ 24 hours.

2. Do certain solid foods increase the number 

of bowel movements in a day?

Always Most of the 

time

Sometimes Rarely Never

3. Do certain liquids that you drink increase the 

number of bowel movements in a day?

4. Do you feel like you have totally emptied 

your bowels after a bowel movement?

5. Do you get to the toilet on time?

6. Do you have another bowel movement 

within 15 minutes of your last bowel 

movement?

7. Do you know the difference between having 

to pass gas (air) and needing to have a bowel 

movement?

8. Have you used medicines to decrease the 

number of bowel movements (drugs like 

Imodium , Lomotil )?

9. Have you had diarrhea (no form, watery 

stools)?

10. Have you had loose stool (slight form, but 

mushy)?
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