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Abstract

Introduction Adjuvant chemotherapy for locally advanced rectal cancer is associated with improved overall survival.

However, recent evidence from randomized trials showed a compliance rate of 43 to 73%, which may affect efficacy.

The aim of this multicenter retrospective analysis was to investigate the compliance rate to adjuvant treatment for

patients who underwent rectal surgery for cancer.

Methods Patients who underwent surgery with curative intent for rectal cancer in six Italian colorectal centers

between January 2013 and December 2017 were retrospectively reviewed. Exclusion criteria were age less than

18 years, palliative or emergency surgery, and stage IV disease. Parameters of interest were patients’ characteristics,

preoperative tumor stage, neo-adjuvant chemoradiation therapy, intra-operative and postoperative outcomes.

Although the participating centers referred to the same treatment guidelines for treatment, the chemotherapy regiment

was not standardized across the institutions. Reasons for not starting adjuvant chemotherapy when indicated,

interruption, and modification of drug regimen were collected to investigate compliance.

Results A total of 572 patients were included in the analysis. Two hundred and fifty-two (44.1%) patients received neo-

adjuvant chemoradiation therapy. All patients underwent high anterior rectal resection, low anterior rectal resection, or Miles’

procedure. Of 399 patients with an indication to adjuvant chemotherapy, 176 (44.1%) completed the treatment as planned.

Compliance for patients who started chemotherapy was 56% (95% CI 50.4–61.6%). Sixty-six patients interrupted the

treatment, 76 patients significantly reduced the drug dose, and 41 patients had to switch to other therapeutic regimens.

Conclusions The present multicenter investigation reports a low compliance rate to adjuvant chemotherapy after rectal

resection for cancer. Multidisciplinary teams should focus on future effort to improve compliance for these patients.
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Background

Despite a low but constant decrease throughout time, the

incidence of rectal cancer remains high [1]. A multidisci-

plinary approach to this particular disease is warranted, as

multiple therapeutic strategies are available and treatment

guidelines are constantly evolving [2].

Adjuvant chemotherapy (AC) appears to be indepen-

dently associated with improved overall survival regardless

of stage of disease, pathologic response, and patient factors

[3, 4]. Recent papers have questioned the efficacy and

compliance to AC [2, 5]. The European Society for Med-

ical Oncology reports this uncertainty in its latest guideli-

nes on postoperative therapy for rectal cancer [6].

Paradigm shift of the last 10 years has been the intro-

duction of neo-adjuvant chemoradiation therapy (CRT),

which provides a reduction in the risk of local recurrence.

Recent trials are evaluating the efficacy of total neo-adju-

vant treatment [7, 8], with the rationale to achieve a better

control over distant recurrence by treating potential

micrometastasis.

In fact, optimal control over recurrent disease requires a

good compliance to both neo-adjuvant and adjuvant treat-

ments. FOLFOX regimens have high toxicity rates [9],

especially for patients who underwent surgery and suffered

from complications. These factors may delay or even

contraindicate chemotherapy, resulting in poor patient’s

compliance. The European Organization for Research and

Treatment of Cancer (EORTC) trial [10] and the

CHRONICLE trial [11] investigated the adherence to AC

for patients who underwent rectal surgery, reporting a

compliance rate of 43% and 48.1%, respectively. The

Dutch PROCTOR/SCRIPT trial [12] reported a compliance

rate of 73.6%. Referred reasons for not initiating or com-

pleting adjuvant therapy were postoperative complications,

drug toxicity, disease progression, and patient refusal.

Nevertheless, there is a lack of information about the actual

compliance to adjuvant treatment for patients who under-

went surgery for rectal cancer, especially among the Italian

population and outside of prospective clinical trials.

For this reason, we designed the present multicenter

retrospective analysis of prospectively collected data

among different Italian colorectal centers, to investigate the

compliance rate to adjuvant treatment for patients who

underwent rectal surgery for cancer.

Methods

Data collection

After approval by the local ethic committees, patients who

underwent surgery with curative intent for rectal cancer in

six Italian colorectal centers between January 2013 and

December 2017 were retrospectively reviewed. Exclusion

criteria were: patients younger than 18 years, palliative and

emergency surgery, and stage IV rectal cancers. All par-

ticipating centers are required to maintain a prospective

tumor registry of patients with colorectal cancer diagnosis.

Patients’ information was entered into a database designed

specifically to investigate the compliance to AC. Periodical

audit is performed to ensure consistency in the data col-

lection process among centers and minimize variability.

Parameters of interest were patients’ characteristics,

preoperative tumor stage, neo-adjuvant chemoradiation

therapy, surgical, intra-operative and postoperative

parameters. Special focus was dedicated to the reasons for

both not starting AC when it is indicated and why adjuvant

therapy was interrupted and drug regimen was changed or

reduced.

Preoperative assessment consisted in colonoscopy, chest

and abdominal CT scan, and pelvic MRI. Endorectal

ultrasound was also involved in preoperative tumor

staging.

Indication for neo-adjuvant and adjuvant CT was given

during a multidisciplinary assessment for each patient

according to the NCCN Guidelines [13].

The primary aim was to investigate the rate of patients

that received and completed the adjuvant treatment.

Completion was considered when patients were fully

compliant to the treatment as planned by the oncologist

before starting AC. Failure was considered when AC was

not started or it was interrupted, drug dose was significantly

reduced, or adjuvant treatment had to be switched to

another regimen.

The secondary aim was to investigate and report the

reasons for interruption, delay, or contraindication to AC.

Statistical analysis

Continuous data are reported as median and interquartile

ranges (IQRs). Categorical data are reported as counts and

percentages.

Univariable log-binomial regression models were fitted

to evaluate whether selected features were associated with

the risk of not starting or interrupting AC. Factors signifi-

cantly associated with the risk of not starting or interrupt-

ing AC at univariable analyses were considered in a final
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multivariable regression model. A p value\ 0.05 was

considered as statistically significant.

Based on the results of multivariate log-binomial

regression model, a nomogram to evaluate graphically the

effect of each included risk factor on the risk of not starting

or interrupting adjuvant chemotherapy was developed.

A p value\ 0.05 was considered as statistically

significant.

All the analyses were performed using SAS software,

version 9.4 (SAS Institute, Cary, NC).

Fig. 1 Study flowchart and

selection of patients (PTs)

evaluated for indication and

compliance to adjuvant

chemotherapy (CT)
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Results

A total of 572 patients were included in the analysis

(Fig. 1). Table 1 reports patients’ characteristics. Two

hundred and fifty-two patients received neo-adjuvant CRT.

All patients underwent high anterior rectal resection, low

anterior rectal resection, or Miles’ procedure.

All patients received either TME or partial mesorectal

excision (PME) in case of tumor of the upper third of the

rectum.

Perioperative and oncological outcomes are described in

Table 2. Median length of hospital stay was 9 [7–14] days.

Sixty-one (10.7%) patients had a Clavien-Dindo compli-

cation score of 3 or higher. Thirty-day mortality was 1.7%.

Thirty-six patients had a pathological complete response

(pCR), 173 had stage I disease, and 363 patients were stage

II or III rectal cancer at pathological examination.

Table 1 Preoperative characteristics

Total (N = 572)

Age (year), median (IQR) 71 (62–78)

Sex, N (%)

Female 237 (41.4)

Male 335 (58.6)

BMI (kg/m2), median (IQR)

25 (23–28)

Missing 61

Charlson score, median (IQR)

5 (4–6)

Tumor site, N (%)

Low 239 (41.8)

Middle 217 (37.9)

High 116 (20.3)

Initial stage, N (%)

I 133 (23.3)

II 113 (19.8)

III 300 (52.4)

Missing 26 (4.5)

Neo-adjuvant CT, N (%)

No 312 (54.5)

Yesa 252 (44.1)

Missing 8 (1.4)

Post-neo-adjuvant CT stage, N (%)

Complete response 11 (4.4)

I 36 (14.3)

II 64 (25.4)

III 84 (33.3)

Missing 57 (22.6)

IQR interquartile range, BMI body mass index, CT chemotherapy
a252/413 = 61% of patients with II or III pre-surgery stage had neo-

adjuvant CT

Table 2 Postoperative characteristics and outcomes

Total

(N = 572)

Tumor stage, N (%)

0 4 (0.8)

Complete response 32 (5.7)

I 173 (30.2)

IIA 122 (21.3)

IIB 10 (1.7)

IIC 2 (0.3)

IIIA 52 (9.1)

IIIB 147 (25.7)

IIIC 30 (5.2)

Number of lymph nodes, median (IQR) 17 (13-24)

Missing 4

Number of positive lymph nodes (in N?), median

(IQR)

2 (1–4)

Tumor type, N (%)

Adenocarcinoma 547 (95.6)

Mucinous 25 (4.4)

Tumor grade, N (%)

G1 54 (9.4)

G2 350 (61.2)

G3 88 (15.4)

Missing 80 (14.0)

Quirke, N (%)

Complete (1) 356 (62.2)

Nearly complete (2) 53 (9.3)

Incomplete (3) 5 (0.9)

Missing 158 (27.6)

Mismatch repair, N (%)

Absent 53 (9.3)

Present 237 (41.4)

Missing 282 (49.3)

Type of surgery, N (%)

Open 84 (14.7)

VLS 454 (79.4)

Conversion 34 (5.9)

Complications: Clavien-Dindo, N (%)

0 271 (47.4)

1 130 (22.7)

2 101 (17.7)

3a 19 (3.3)

3b 37 (6.5)

4a 2 (0.3)

4b 2 (0.3)

5 10 (1.7)

Relevant complications, N (%)

None 271 (47.4)

Minora 231 (40.4)

Majorb 70 (12.2)
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Patients with pCR received the indication for AC as well

as patients with stage II and III. Of 399 patients with

indication to AC, 314 (78.7%; 95% CI 74.3–82.6%) started

chemotherapy. Reasons for not starting AC were age, poor

clinical conditions, postoperative complications, and

patients’ choice (Fig. 1).

Of 399 patients with an indication to AC, 176 (44.1%,

95% CI 39.2–49.1%) completed the treatment as planned,

whereas AC compliance considering only the patients who

started AC was 56% (95% CI 50.4–61.6%). Sixty-six

patients interrupted AC, 76 patients significantly reduced

the drug dose, and 41 patients had to switch to other

therapeutic regimens.

For 245 (78%) patients, chemotherapy was administered

in the same hospital where surgery was performed.

Table 3 reports the association between patient and

tumor characteristics and the risk of not starting or inter-

rupting AC, evaluated by means of univariable and mul-

tivariable log-binomial regression models. The

multivariable model showed that patient’s age was posi-

tively associated with poorer compliance to AC with

(RR = 1.11 for 10-year increase in age, 95% CI 1.02–1.20,

p = 0.011), while neo-adjuvant CRT appeared to reduce

the risk of not starting or interrupting AC (RR = 0.86, 95%

CI 0.70–0.99, p = 0.041).

Development of the nomogram

By univariate analyses, three of ten clinical variables were

significantly associated with compliance rate to AC

(p\ 0.05). These variables were used to build the multi-

variate log-binomial regression model. Age, Charlson

score, and the previous neo-adjuvant chemotherapy were

strong predictors of compliance to AC. The nomogram

represents graphically the effect of each considered risk

factor (Fig. 2).

Discussion

Surgery with mesorectal clearance is the mainstay of

treatment for patients with locally advanced rectal cancer.

However, multimodality therapy has significantly

improved long-term survival. Preoperative CRT has shown

its benefit in reducing local recurrence and in downstaging

the primary tumor [14]. The use of postoperative

chemotherapy in patients previously irradiated has been

questioned. Our study reports a compliance rate of 44% of

completing the adjuvant treatment among patients who

received indication to AC. This result is in accordance with

the findings from previously published trials, reinforcing

the concept of low compliance to AC after rectal cancer

surgery.

Recently, large national registries have shown that the

use of AC is associated with improved overall survival, and

this is true also for patients who previously underwent neo-

adjuvant CRT. A low compliance rate translates into a lack

of benefit and then poorer survival for patients who do not

start or complete the treatment [3].

The adherence to AC for rectal cancer remains an issue

even within the setting of clinical trials. The EORTC trial

referred a 43% compliance rate, the CHRONICLE trial had

a compliance rate of 48.1%, and in the Dutch PROCTOR/

SCRIPT trial, the compliance rate was 73.6%. Main causes

for not starting or completing adjuvant therapy were

postoperative complications, drug toxicity, disease pro-

gression, and patient refusal. Eight NCCN centers collab-

orating on the colorectal cancer database estimated a

compliance rate of approximately 80% [4].

Xu et al. queried the National Cancer Database for

patients with clinical stage II/III rectal cancer who under-

went neo-adjuvant CRT and surgical resection. They

reported only 32% of eligible patients receiving AC,

although stating several relevant biases in the performed

analysis [3]. These results may highlight that patients are

not receiving the treatment they deserve.

Our study retrospectively analyzed the data collected

from high-volume colorectal centers in northern Italy out-

side a clinical trial. All centers have a multidisciplinary

Table 2 continued

Total

(N = 572)

Free distal margin, N (%)

No 12 (2.1)

Yes 560 (97.9)

Free circumference margin, N (%)

No 42 (7.3)

Yes 530 (92.7)

Ileostomy, N (%)

No 264 (46.2)

Yes 308 (53.8)

Colostomy, N (%)

No 397 (69.4)

Yes 175 (30.6)

Days of hospitalization, median (IQR) 9 (7–14)

Missing 3

Hospital death, N (%)

No 562 (98.3)

Yes 10 (1.7)

IQR: interquartile range
aClavien-Dindo equals to 1 and 2
bClavien-Dindo greater than 2
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team dedicated to the treatment of rectal cancer. Data

collected could be a good appraisal of the current state of

art in a typical European setting.

Our described 44% compliance to AC is in line with the

EORTC and the CHRONICLE trials [10, 11] while being

lower than the reported rate from the Dutch trial [12].

Our rigid primary endpoint of considering changes in

dose and type of chemotherapy as a failure of the therapy

may result in a lower compliance rate. Considering only

the interruption of therapy as a failure, the recorded com-

pliance rate would be similar to that reported by the Dutch

trial. However, since there is no consistent evidence that

reducing or changing AC for rectal cancer does not impact

overall survival, patients who switch to another treatment

or reduce chemotherapy dose should be acknowledged as

failures.

Ileostomy-related events, although affecting a small

number of patients, deeply impacted the adherence to AC.

Dehydration was the most common event that required

hospital admission, leading to AC interruption. In only one

hospital, ileostomy closure was routinely performed before

AC started after anastomotic leak was endoscopically

excluded. No patient had a delay in AC onset due to sur-

gery for ileostomy closure. Such a behavior could be

extended to selected fragile patients for whom stoma-re-

lated dehydration represents a threatening complication.

We did not consider the patient’s age as a contraindi-

cation for AC. As reported by Berguist et al., the use of

adjuvant therapy in patients 80 and older is associated with

a significant improvement in overall survival compared to

surgery alone [15].

Multivariable analysis showed an augmented risk of

poor compliance to AC with increasing age, while preop-

erative CRT appeared to be a protective factor for com-

pleting AC, both in univariate and in multivariate analyses.

The main reason for this important finding could be that

Table 3 Association between patient and surgical factors and the risk of not starting or interrupting chemotherapy

Variable N. not starting or interrupting/N Tot % Univariable models Multivariable model*

RR 95% CI p value RR 95% CI p value

All patients 223/399 56 – – – – – –

Age ?10 years – – 1.21 1.12–1.30 \0.001 1.11 1.02–1.20 0.011

BMI ?1 kg/m2 – – 1.00 0.98–1.03 0.80

Charlson score ?2 points – – 1.08 1.04–1.13 \0.001 1.08 1.00–1.17 0.39

Sex Female 100/164 61 1.00

Male 123/235 52 0.86 0.72–1.02 0.08

Tumor stage 0 6/18 33 1.00

I 23/54 43 1.28 0.62–2.63 0.51

II 63/106 59 1.78 0.91–3.49 0.09

III 131/221 59 1.78 0.92–3.45 0.09

Neo-adjuvant CT No 125/185 68 1.00 1.00

Yes 97/210 46 0.68 0.57–0.82 \0.001 0.86 0.70–0.99 0.041

Missing 1/4 25 –

Postsurgical complication No 88/177 50 1.00

Minora 105/175 60 1.21 1.00–1.46 0.05

Majorb 30/47 64 1.28 0.99–1.67 0.06

Type of surgery VLS 168/304 55 1.00

Open 42/68 62 1.12 0.90–1.38 0.31

Conversion 13/27 48 0.87 0.58–1.31 0.50

Ileostomy No 105/186 56 1.00

Yes 118/213 55 0.98 0.82–1.17 0.83

Colostomy No 145/268 54 1.00

Yes 78/131 60 1.10 0.92–1.32 0.29

Results from log-binomial univariable and multivariable regression analyses (N = 399)

RR risk ratio, CI confidence interval, CT chemotherapy

*Only statistically significant (p\ 0.05) variables at univariable analysis entered the multivariable model
aClavien-Dindo equals to 1 and 2
bClavien-Dindo greater than 2
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AC for patients who received preoperative CRT is signif-

icantly shorter compared to naive patients. Thus, shorten-

ing AC, as previously reported, is related to better overall

compliance [16].

In our series, all patients with a pCR received AC. As

recently, reported AC is associated with improved overall

survival in locally advanced rectal cancer also for patients

with pCR after neo-adjuvant CRT and radical surgery [17].

This result of poor compliance to AC in an Italian

population of patients who underwent surgery for rectal

cancer suggests that a change in treatment is needed. The

concept of a totally neo-adjuvant setting could be taken

into consideration as new therapeutic approach to improve

compliance.

Our study has several limitations, beyond its retrospec-

tive nature. Although there are several accepted regimens

for AC in rectal cancer, our network could only standardize

the surgical technique without unifying the AC regimen.

Therefore, there were different AC protocols that may have

influenced the final results. Finally, the nomogram needs to

be externally validated by a second cohort.

In conclusion, the present study of a large cohort of

patients from multiple centers reports a low compliance

rate to AC after rectal resection. Multidisciplinary teams

should focus on future effort to improve compliance for

these patients. Total neo-adjuvant chemotherapy may be an

option, but future research is needed to validate this ther-

apeutic approach.

Acknowledgements This research did not receive any specific grant

from funding agencies in the public, commercial, or not-for-profit

sectors.

Compliance with ethical standards

Conflict of interest The authors declare no conflicts of interest in

relation to the present manuscript.

References

1. Siegel RL, Miller KD, Jemal A (2018) Cancer statistics, 2018.

CA Cancer J Clin 68(1):7–30

Fig. 2 Nomogram predicting risk of not starting or interrupting adjuvant chemotherapy (N = 399). The nomogram is based on the multivariable

model presented in Table 3. Instructions: Locate the patient’s age on the ‘‘age’’ axis. Draw a line straight upward to the point axis to determine

how many points receive for his/her age. Repeat the process for each additional variable. Sum the points for each of the predictors. Locate the

final sum on the total point axis. Draw a line straight down to find the patient’s absolute risk of not starting or interrupting CT

2550 World J Surg (2019) 43:2544–2551

123



2. Boustani J, Caubet M, Bosset JF (2016) Adjuvant chemotherapy

in rectal cancer after chemoradiotherapy. Clin Oncol (R Coll

Radiol) 28(2):140–145

3. Xu Z, Mohile SG, Tejani MA, Becerra AZ, Probst CP, Aquina

CT et al (2017) Poor compliance with adjuvant chemotherapy use

associated with poorer survival in patients with rectal cancer: an

NCDB analysis. Cancer 123(1):52–61

4. Sun Z, Gilmore B, Adam MA, Kim J, Hsu SD, Migaly J et al

(2017) Adjuvant chemotherapy after preoperative chemoradiation

improves survival in patients with locally advanced rectal cancer.

Dis Colon Rectum 60(10):1050–1056

5. Rosello S, Papaccio F, Roda D, Tarazona N, Cervantes A (2018)

The role of chemotherapy in localized and locally advanced rectal

cancer: a systematic revision. Cancer Treat Rev 63:156–171

6. Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rodel C, Cer-

vantes A et al (2018) Rectal cancer: ESMO Clinical Practice

Guidelines for diagnosis, treatment and follow-up. Ann Oncol

29(Supplement_4):iv263

7. Feng YR, Jin J, Ren H, Wang X, Wang SL, Wang WH et al

(2017) Patients with pathological stage N2 rectal cancer treated

with early adjuvant chemotherapy have a lower treatment failure

rate. BMC Cancer 17(1):182

8. Ludmir EB, Palta M, Willett CG, Czito BG (2017) Total

neoadjuvant therapy for rectal cancer: an emerging option.

Cancer 123(9):1497–1506

9. Hong YS, Nam BH, Kim KP, Kim JE, Park SJ, Park YS et al

(2014) Oxaliplatin, fluorouracil, and leucovorin versus fluo-

rouracil and leucovorin as adjuvant chemotherapy for locally

advanced rectal cancer after preoperative chemoradiotherapy

(ADORE): an open-label, multicentre, phase 2, randomised

controlled trial. Lancet Oncol 15(11):1245–1253

10. Bosset JF, Calais G, Mineur L, Maingon P, Stojanovic-Rundic S,

Bensadoun RJ et al (2014) Fluorouracil-based adjuvant

chemotherapy after preoperative chemoradiotherapy in rectal

cancer: long-term results of the EORTC 22921 randomised study.

Lancet Oncol 15(2):184–190

11. Glynne-Jones R, Counsell N, Quirke P, Mortensen N, Maraveyas

A, Meadows HM et al (2014) Chronicle: results of a randomised

phase III trial in locally advanced rectal cancer after neoadjuvant

chemoradiation randomising postoperative adjuvant capecitabine

plus oxaliplatin (XELOX) versus control. Ann Oncol

25(7):1356–1362

12. Breugom AJ, van Gijn W, Muller EW, Berglund A, van den

Broek CB, Fokstuen T et al (2015) Adjuvant chemotherapy for

rectal cancer patients treated with preoperative (chemo)radio-

therapy and total mesorectal excision: a Dutch Colorectal Cancer

Group (DCCG) randomized phase III trial. Ann Oncol

26(4):696–701

13. National Comprehensive Cancer Network�. Rectal Cancer

(Version 4.2017)

14. Rodel C, Graeven U, Fietkau R, Hohenberger W, Hothorn T,

Arnold D et al (2015) Oxaliplatin added to fluorouracil-based

preoperative chemoradiotherapy and postoperative chemotherapy

of locally advanced rectal cancer (the German CAO/ARO/AIO-

04 study): final results of the multicentre, open-label, randomised,

phase 3 trial. Lancet Oncol 16(8):979–989

15. Bergquist JR, Thiels CA, Shubert CR, Habermann EB, Hayman

AV, Zielinski MD et al (2016) Is chemotherapy or radiation

therapy in addition to surgery beneficial for locally advanced

rectal cancer in the elderly? A National Cancer Data Base

(NCDB) Study. World J Surg 40(2):447–455. https://doi.org/10.

1007/s00268-015-3319-7

16. Iveson TJ, Kerr RS, Saunders MP, Cassidy J, Hollander NH,

Tabernero J et al (2018) 3 versus 6 months of adjuvant oxali-

platin-fluoropyrimidine combination therapy for colorectal cancer

(SCOT): an international, randomised, phase 3, non-inferiority

trial. Lancet Oncol 19(4):562–578

17. Ma B, Ren Y, Chen Y, Lian B, Jiang P, Li Y et al (2018) Is

adjuvant chemotherapy necessary for locally advanced rectal

cancer patients with pathological complete response after

neoadjuvant chemoradiotherapy and radical surgery? A system-

atic review and meta-analysis. Int J Colorectal Dis 34:113

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

World J Surg (2019) 43:2544–2551 2551

123

https://doi.org/10.1007/s00268-015-3319-7
https://doi.org/10.1007/s00268-015-3319-7

	Compliance to Adjuvant Chemotherapy of Patients Who Underwent Surgery for Rectal Cancer: Report from a Multi-institutional Research Network
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Statistical analysis

	Results
	Development of the nomogram

	Discussion
	Acknowledgements
	References




