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Abstract

Background.—Postoperative complications (POCs) are associated with worse oncologic 

outcomes in several cancer types. The implications of complications after rectal cancer surgery are 

not well studied.

Methods.—The United States Rectal Cancer Consortium (2007–2017) was reviewed for primary 

rectal adenocarcinoma patients who underwent R0/R1 resection. Ninety-day POCs were 

categorized as major or minor and were grouped into infectious, cardiopulmonary, 

thromboembolic, renal, or intestinal dysmotility. Primary outcomes were overall survival (OS) and 

recurrence-free survival (RFS).

Results.—Among 1136 patients, the POC rate was 46% (n = 527), with 63% classified as minor 

and 32% classified as major. Of all POCs, infectious complications comprised 20%, 
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cardiopulmonary 3%, thromboembolic 5%, renal 9%, and intestinal dysmotility 19%. Compared 

with minor or no POCs, major POCs were associated with both worse RFS and worse OS (both p 
< 0.01). Compared with no POCs, a single POC was associated with worse RFS (p < 0.01), while 

multiple POCs were associated with worse OS (p = 0.02). Regardless of complication grade, 

infectious POCs were associated with worse RFS (p < 0.01), while cardiopulmonary and 

thromboembolic POCs were associated with worse OS (both p < 0.01). Renal POCs were 

associated with both worse RFS (p < 0.001) and worse OS (p = 0.01). After accounting for 

pathologic stage, neoadjuvant therapy, and final margin status, Multivariable analysis (MVA) 

demonstrated worse outcomes with cardiopulmonary, thromboembolic, and renal POCs for OS 

(cardiopulmonary: hazard ratio [HR] 3.6, p = 0.01; thromboembolic: HR 19.4, p < 0.01; renal: HR 

2.4, p = 0.01), and renal and infectious POCs for RFS (infectious: HR 2.1, p < 0.01; renal: HR 3.2, 

p < 0.01).

Conclusions.—Major complications after proctectomy for cancer are associated with decreased 

RFS and OS. Given the association of infectious complications and postoperative renal 

dysfunction with earlier recurrence of disease, efforts must be directed towards defining best 

practices and standardizing care.

In recent decades, advances in surgical techniques and perioperative treatment have 

improved survival following rectal cancer surgery. Total mesorectal excision alone has been 

shown to achieve local recurrence rates of only 10% and cancer-specific survival of 70%.1 

Furthermore, randomized clinical trials of neoadjuvant radiotherapy or chemoradiotherapy 

for locally advanced rectal cancer have demonstrated reductions in local recurrence of up to 

25%.2,3 Despite these advances in the oncologic landscape, the morbidity of neoadjuvant 

therapy combined with resection is significant, as evidenced by the high rate of 

postoperative complications (POCs) after rectal cancer surgery. Recent trials in the field, 

such as the 2013 Laparoscopic versus Open Surgery for Rectal Cancer (COLOR II) trial, 

have demonstrated POC rates as high as 40% regardless of operative approach.4

The association between adverse postoperative events and decreased long-term outcomes 

has been demonstrated repeatedly in the literature for most fields of surgery.5–9 The linkage 

between major adverse events such as cardiovascular or renal complications and increased 

all-cause mortality is intuitive given the well understood natural history of these disease 

processes and their effect on other major organ systems. The consequences of potentially 

less serious complications, such as infectious complications, on cancer-related outcomes are 

more subtle but are predominantly driven by the downstream effect of a chronic 

inflammatory response, a critically important component of tumor progression.

Moreover, the postoperative period is of particular importance in oncology given that tissue 

injury during resection results in a surge of inflammatory cells that release growth factors, 

promote angiogenesis, and alter the extracellular matrix to facilitate invasion.10 These 

processes can be further augmented by POCs, and this synergism may lead to earlier cancer 

recurrence and decreased survival. Certain series have actually shown that the postoperative 

period is more important in determining the survival after major surgery than preoperative 

patient risk factors.11
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Although the functional relationship between postoperative inflammation and cancer is not 

new, establishing a clear association between POCs and worse long-term outcomes is 

paramount to enable identification of a point of intervention to allow systematic 

improvements in processes that will subsequently impact the outcomes for these patients. 

Importantly, analyzing the grade and type of complication will enable more targeted quality 

improvement efforts. Therefore, the aim of our study was to utilize a large, multi-

institutional database to assess the association of POCs and the grade and specific type of 

complication with overall survival (OS) and recurrence-free survival (RFS) after rectal 

cancer surgery.

METHODS

Data Source

The United States Rectal Cancer Consortium (USRCC) represents a collaboration of six 

academic institutions, including Emory University, University of Michigan, University of 

Pittsburgh Medical Center, The Ohio State University, Vanderbilt University Medical Center, 

and Washington University School of Medicine in St Louis. Institutional Review Board 

(IRB) approval was obtained at each institution prior to data collection. Patients who 

underwent an R0 or R1 low anterior resection (LAR) or abdominoperineal resection (APR) 

for primary rectal adenocarcinoma from 2007 to 2017 were included. Patients who were 

preoperatively determined to undergo palliative resection were excluded.

Demographic, intraoperative, histopathologic, and postoperative outcome data were 

collected by retrospective review of the medical records. Staging was based on the American 

Joint Committee on Cancer (AJCC) 8th edition guidelines. Data regarding neoadjuvant and 

adjuvant therapy, disease recurrence, and survival were also recorded. Postoperative 90-day 

complications were dichotomized into single or multiple complications and also 

subcategorized, according to the highest Clavien–Dindo grade of complication, into minor 

complications (Clavien–Dindo I or II) or major complications (Clavien–Dindo III or IV). To 

determine whether the type of complication influenced outcome, POCs were also 

categorized into four groups: (1) infectious, including superficial surgical site infection, deep 

surgical site infection, intra-abdominal infection, pneumonia, urinary tract infection, 

anastomotic leak, and postoperative systemic sepsis; (2) cardiopulmonary, including cardiac 

arrest, myocardial infarction, unplanned intubation, and tracheostomy; (3) thromboembolic, 

including cerebrovascular accident, deep venous thrombosis, or pulmonary embolus; and (4) 

intestinal dysmotility, including the need for postoperative tube feeds or total parenteral 

nutrition. The primary aim was to assess the association between the presence of any POC, 

as well as the grade and type, with OS or RFS.

Statistical Analysis

Statistical analyses were performed using the SPSS statistical package version 25.0 (IBM 

Corporation, Armonk, NY, USA). Statistical significance was predefined as a two-tailed p 
value < 0.05. The Chi square or Fisher’s exact tests were used for categorical variables, 

while continuous variables were analyzed using t tests or the Wilcoxon signed-rank test. 

Comparative analyses were conducted between patients who experienced a minor 
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complication or a major complication. Survival was estimated using the Kaplan–Meier 

(KM) method, and the logrank test was used for comparison of survival between no 

complication and any POC, grade of POC, or type of POC, and pairwise comparisons for all 

individual strata were performed. Univariate Cox regression was performed to determine the 

association of any POC, grade of POC, or type of POC with long-term outcomes, including 

OS and RFS. Multivariable Cox regression was performed by adjusting for patient-related 

risk factors such as age, body mass index (BMI), and number of comorbidities, if applicable, 

and by including other clinicopathologic factors that were significantly associated with OS 

or RFS on univariate analysis.

RESULTS

Demographic and Clinicopathologic Characteristics

Among 1881 patients in the USRCC, 1136 met the inclusion criteria. Demographic and 

clinicopathologic characteristics of the entire cohort are listed in Table 1. Median age was 59 

years (interquartile range [IQR] 51–67), 61% were male (n = 693), median BMI was 28 

kg/m2 (IQR 24–32), and 62% of patients had at least one comorbidity (n = 699). An R0 

resection was carried out in 95% (n = 1080) of patients. Median follow-up was 31 months 

(IQR 13–54). A majority of patients (76%) underwent neoadjuvant chemoradiation (n = 

867), while 22% underwent neoadjuvant chemotherapy alone (n = 251) and 65% had 

adjuvant chemotherapy (n = 659). Utilization of enhanced recovery pathways (ERPs) was 

documented in 29% (n = 326) of patients. POCs were identified in 46% (n = 523) of 

patients, of which 20% were infectious (n = 104), 3% were cardiopulmonary (n = 14), 5% 

were thromboembolic (n = 25), and 19% were intestinal dysmotility (n = 100).

Comparison of None, Minor, and Major Complications

Among all POCs, 63% were classified as minor complications (n = 330) and 32% (n = 170) 

as major complications. Compared with patients who experienced either a minor or major 

complication, those who had no POCs were younger (median 58 vs. 61 vs. 60 years, p < 

0.01), more likely to have an LAR (78% vs. 64% vs. 56%, p < 0.01) with placement of a 

diverting loop ileostomy (61% vs. 54% vs. 42%, p < 0.01). Additionally, these patients had 

fewer intraoperative complications (2% vs. 7% vs. 11%, p < 0.01) and a lower rate of 

intraoperative blood transfusion (2% vs. 9% vs. 11%, p < 0.01). However, these cohorts 

were otherwise well-matched for histopathologic factors, including tumor grade, pathologic 

stage, and final resection status, and receipt of neoadjuvant or adjuvant therapy (Table 1).

A comparison of patients who experienced a minor versus major complication demonstrated 

that they were well-matched for most preoperative prognostic factors, including age, number 

of comorbidities, BMI, and preoperative serum albumin (Table 1). With respect to treatment, 

there were no differences in the rate of neoadjuvant chemoradiation (79% vs. 82%, p = 

0.11), neoadjuvant chemotherapy (23% vs. 22%, p = 0.93), or adjuvant chemotherapy (59% 

vs. 55%, p = 0.16) between the minor or major complication cohorts. However, patients with 

major complications had a higher rate of delay in adjuvant chemotherapy initiation (7% vs. 

18%, p < 0.01), and lower rate of ERP utilization (27% vs. 19%, p < 0.01). Patients with 

major complications were more likely to have an APR (35% vs. 44%, p < 0.01), had more 
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intraoperative complications (7% vs. 11%, p < 0.01), higher median estimated blood loss 

(200 ml vs. 300 ml, p < 0.01), and a higher rate of intraoperative transfusion (9% vs. 11%, p 
< 0.01). Importantly, those with major complications were more likely to have a non-home 

discharge (1% vs. 3%, p < 0.01).

Survival Analysis: Any Versus No Postoperative Complication

When compared with no POCs, the presence of any complication was associated with worse 

RFS (76% vs. 61%, p < 0.01) [Fig. 1a]. When evaluating whether the number of 

complications was prognostic for recurrence, multivariable analysis demonstrated that both a 

single complication (hazard ratio [HR] 1.68, 95% confidence interval [CI] 1.17–2.42, p < 

0.01) [Table 2, multivariable analysis A] or multiple complications (HR 1.76, 95% CI 1.24–

2.51, p < 0.01) [Table 2, multivariable analysis A] were associated with worse RFS when 

adjusting for receipt of neoadjuvant chemotherapy or neoadjuvant chemoradiation, and 

pathologic stage. Notably, neither receipt nor delay in initiation of adjuvant therapy were 

associated with RFS (Table 2). Compared with no POCs, only multiple complications 

however were associated with worse OS (79% vs. 63%, p < 0.01) [Fig. 1b] and this persisted 

on multivariable analyses when accounting for age, number of comorbidities, receipt of 

neoadjuvant chemotherapy or neoadjuvant chemoradiation, and pathologic stage (HR 1.57, 

95% CI 1.02–2.40, p = 0.03) [Table 3, multivariable analysis A].

Survival Analysis: Complication Grade

When compared with no POCs or minor POCs, major POCs were associated with both 

worse 5-year RFS (76% vs. 63% vs. 48%, p < 0.01) [Fig. 2a] and worse 5-year OS (80% vs. 

76% vs. 64%, p < 0.01) [Fig. 2b]. On multivariable analysis, when accounting for prognostic 

factors, including BMI, receipt of neoadjuvant chemotherapy, and pathologic stage, major 

POCs resulted in worse RFS when compared with no complications (HR 2.26, 95% CI 

1.39–3.67, p < 0.01) [Table 2, multivariable analysis B], while minor POCs were not 

prognostic for recurrence (HR 1.37, 95% CI 0.84–2.24, p = 0.20) [Table 2, multivariable 

analysis B]. Multivariable analysis for OS demonstrated similar findings, as minor 

complications did not result in worse OS (HR 0.80, 95% CI 0.51–1.25, p = 0.65) [Table 3, 

multivariable analysis B], while major complications did (HR 1.62, 95% CI 1.04–2.54, p = 

0.03) [Table 3, multivariable analysis B].

Survival Analysis: Type of Postoperative Complication

Compared with no POCs, regardless of complication grade, infectious complications as well 

as intestinal dysmotility complications were associated with worse RFS (infectious: 56% vs. 

76%, p < 0.01; intestinal dysmotility: 43% vs. 77%, p < 0.01), while cardiopulmonary and 

thromboembolic complications were associated with reduced OS (cardiopulmonary: 40% vs. 

78%, p < 0.01; thromboembolic: 63% vs. 78%, p < 0.01). Postoperative renal dysfunction 

was associated with both worse RFS (26% vs. 76%, p < 0.001) and worse OS (62% vs. 78%, 

p = 0.01). These results persisted on multivariable analysis for RFS when accounting for 

BMI, receipt of neoadjuvant therapy (chemotherapy or chemoradiation), and pathologic 

stage (infectious: HR 2.13, 95% CI 1.27–3.58, p < 0.01) [Table 2, multivariable analysis C]; 

renal: HR 3.18, 95% CI 1.49–6.75, p < 0.01 [Table 2, multivariable analysis D]; intestinal 

dysmotility: HR 1.95, 95% CI 1.11–3.43, p = 0.02). For OS, cardiopulmonary and 
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thromboembolic complications remained independently prognostic for worse survival when 

adjusting for age, number of comorbidities, receipt of neoadjuvant therapy, and pathologic 

stage (cardiopulmonary: HR 2.78, 95% CI 1.01–7.88, p = 0.05; thromboembolic: HR 16.63, 

95% CI 6.37–43.39, p < 0.01; renal: HR 2.39, 95% CI 1.27–4.50, p = 0.01) [Table 3, 

multivariable analysis C].

DISCUSSION

To the authors’ knowledge, this is the largest study to date to evaluate the influence of POCs 

on long-term oncologic outcomes in patients with rectal adenocarcinoma. The utilization of 

a large, multi-institutional database also enabled a robust analysis of the oncologic impact of 

complication grade and type. The results of the present study demonstrate that while the 

presence of any POC, whether minor or major, can result in worse RFS (HR 1.68, 95% CI 

1.17–2.42, p < 0.01) [Table 2, multivariable analysis A], only multiple (HR 1.81, 95% CI 

1.19–2.73, p < 0.01) [Table 3, multivariable analysis A] or major complications (HR 1.81, 

95% CI 1.19–2.73, p < 0.01) [Table 3, multivariable analysis B] impact OS. Additionally, 

when evaluating complication type, infectious, renal, or intestinal dysmotility complications 

led to earlier recurrence of disease, while cardiopulmonary or thromboembolic 

complications were associated with decreased survival.

Several mechanisms have been shown to be responsible for the association between POCs, 

particularly infectious POCs, and tumor recurrence. Anastomotic leaks, in particular, have 

been well-studied in this regard and contribute to the risk of systemic, peritoneal, or local 

recurrence from colorectal cancer.12–16 It has been suggested that one of the mechanisms in 

which POCs alter long-term outcomes is related to the surge of host inflammatory cells, 

which produce more transforming growth factor (TGF)-β than tumor cells, thus leading to 

inhibition of host tumor immune surveillance, which may lead to cancer cell escape. Via this 

mechanism, anastomotic leaks, and likely other infectious and non-infectious complications, 

also potentiate the prometastatic nature of the innate cellular, cytokine, and neurohormonal 

surgical response. In fact, a 2014 study by Salvans et al. found that postoperative peritoneal 

infection in patients with resected colorectal cancer enhanced both cell migration and 

invasion.17 A second mechanism relates to a shift towards a T-helper (Th)-2-type 

lymphocyte pattern as a result of the systemic inflammatory response syndrome. Th-2 

cytokines, such as interleukin (IL)-10, downregulate tumor-specific immune responses by 

directly suppressing interferon (IFN)-γ and IL-12 production. This in turn causes a 

reduction in major histocompatibility complex expression on the surface of tumor cells and 

inhibits tumor antigen presentation by antigen-presenting cells, thus allowing proliferation 

of occult or dormant cancer cells.18 This particular mechanism is so important that some 

have even hypothesized that a reduction in the magnitude of the postoperative systemic 

inflammatory response with the use of perioperative corticosteroids may improve long-term 

outcomes following surgery for colorectal cancer.19,20 Lastly, increased expression of 

proangiogenic factors, such as vascular endothelial growth factor, released in response to 

surgical trauma and further amplified by POCs, may facilitate survival and growth of 

residual tumor cells.21
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As demonstrated in our study, early cancer recurrence is a mediator to decreased survival 

(HR 3.82, 95% CI 2.79–5.24, p < 0.01) [Table 3], therefore, despite not being directly 

associated with worse OS in our results, minor complications may also predict a patient’s 

earlier cancer-specific death. However, it is not surprising that major complications, 

particularly those affecting major organ systems, such as cardiopulmonary and 

thromboembolic complications, are independently associated with worse OS. In a 2005 

study of 105,951 patients, Khuri et al. demonstrated that 30-day POCs are more important 

than preoperative patient risk factors in determining long-term survival after major surgery.
11 The reduction in median survival independently attributed to specific complication groups 

ranged from 42% for wound complications to 99% for cardiac complications.

Although our results regarding POCs and worse long-term outcomes are intuitive based on 

previously published literature on the subject, the concept that even a single or minor 

postoperative infectious complication can result in earlier cancer recurrence underscores the 

important role of prevention through adherence to evidence-based practice guidelines, and 

provides further evidence for continuing quality improvement efforts in the field of 

colorectal surgery. Over the past decade, high compliance with systematic approaches, or 

bundles, have been shown to reduce the risk of postoperative infectious complications in 

patients who undergo colorectal surgery.22 Although the rate of ERP compliance in our 

study was only 29%, this is likely secondary to the inclusion of patients prior to widespread 

implementation of ERP protocols. Further evidence regarding the use of additional 

perioperative bundles to prevent other complication types is necessary and this presents an 

area of future study. Our findings also warrant further experimental studies, such as 

comparison of circulating cancer cells or cytokines in patients who experience POCs and 

those who do not. Lastly, perhaps POCs should be included in recurrence nomograms with 

the ultimate goal of individualizing surveillance strategies to carefully monitor patients at 

higher risk of recurrence due to their postoperative course.

The present study must be interpreted with some limitations. Although its retrospective 

design invites some selection bias, the use of the USRCC mitigates single-institution bias 

and enables the generalizability of our results. Although strict definitions for each 

complication type were used during data extraction, the diagnosis of each complication type 

was not standardized across institutions. Similarly, it is possible that due to the limitations of 

the medical records, some minor, yet important, POCs were not well-documented and were 

therefore not extracted into the dataset.

CONCLUSION

While major complications after proctectomy for cancer are associated with reduced OS, 

both minor and major complications portend worse RFS. Given the association of infectious 

complications and postoperative renal dysfunction with earlier recurrence of disease, efforts 

must be directed towards defining best practices and standardizing care.
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FIG. 1. 
Kaplan-Meier analysis for a recurrence-free survival and b overall survival, comparing none, 

single, and multiple POCs. POCs postoperative complications

Gamboa et al. Page 10

Ann Surg Oncol. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIG. 2. 
Kaplan-Meier analysis for a recurrence-free survival and b overall survival, comparing none, 

minor, and major POCs. POCs postoperative complications
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