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is associated with less delay to initiation of adjuvant systemic therapy
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Abstract

Background Minimally invasive surgery (MIS) may improve surgical recovery and reduce time to adjuvant systemic therapy
after colon cancer resection. The objective of this study was to determine the effect of MIS on the initiation of adjuvant
systemic therapy and survival in patients with stage III colon cancer.

Methods The 2010-2014 National Cancer Database was queried for patients with resected stage III colon adenocarcinoma,
and divided into MIS, which included laparoscopic and robotic approaches, and open surgery. Propensity-score matching was
used to balanced open and MIS groups. The main outcome measures were delayed initiation of adjuvant systemic therapy
(defined as > 8 weeks after surgery) and 5-year overall survival (OS). Multiple Cox regression was performed to identify
independent predictors for 5-year OS, including an interaction between delayed systemic therapy and MIS, and adjusted for
clustering at the hospital level.

Results There were 86,680 patients that were included in this study. Overall, 45% (38,713) underwent MIS colectomy, of
which 93% underwent laparoscopic and 7% robotic surgery. After matching, 33,183 open patients were balanced to 33,183
MIS patients. Patient, tumor, and facility characteristics were similar in the matched cohort. More patients in the MIS group
received adjuvant therapy within 8 weeks of surgery (49% vs. 42%, p <0.001), and fewer MIS patients did not receive any
systemic therapy (30% vs. 35%, p <0.001). Delayed initiation of systemic therapy > 8 weeks was associated with worse 5-year
OS (HR 1.27, 95%CI 1.19-1.36). MIS was independently associated with improved survival (HR 0.92, 95%CI 0.86-0.97).
This relationship remained even if 90-day mortality was excluded.

Conclusions MIS approaches are associated with less delay to the initiation of adjuvant systemic therapy and improved
survival in patients with stage III colon adenocarcinoma. Surgeons should favor MIS approaches for the treatment of stage
III colon adenocarcinoma whenever possible.
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These data were presented as an oral presentation at the 16th Surgical resection is a k.ey eler.nent in the management of
World Congress of Endoscopic Surgery, Seattle, WA, April 11-14, colon cancer [1]. For patients with stage III colon adenocar-
2018. cinoma, adjuvant systemic therapy is also the mainstay of
treatment to minimize risk of recurrence and improve overall
survival [2, 3]. While there are no clear guidelines on the

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00464-018-6319-5) contains
supplementary material, which is available to authorized users.

< Lawrence Lee 3 Colon and Rectal Surgery, McGill University Health Centre,

larry.lee@mcgill.ca 1001 Decarie Blvd, DS1-3310, Montreal, QC H4A 3J1,
Canada

Center for Colon and Rectal Surgery, Florida Hospital,

Orlando, FL, USA

Department of Surgery, McGill University Health Centre,
Montreal, QC, Canada

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-018-6319-5&domain=pdf
https://doi.org/10.1007/s00464-018-6319-5

Surgical Endoscopy (2019) 33:460-470

461

appropriate time to initiation of adjuvant systemic therapy,
its maximal benefit is obtained if started within 4-8 weeks of
surgical resection. There are many data demonstrating that
a longer time to adjuvant systemic therapy are associated
with worse survival [4]. However, despite advances in the
surgical technique, perioperative management strategies, and
quality of care initiatives, more than 20% of patients with
stage III colon cancer are not considered or offered adjuvant
systemic therapy [5].

There are many reasons for the failure of delivery of
appropriate systemic treatment for stage III colon can-
cer. Recovery after surgery can be prolonged [6], and the
occurrence of surgical complications may also delay the
initiation of systemic therapy [7]. It is in this context that
minimally invasive surgery (MIS) for colon cancer resec-
tion may potentially provide long-term benefits. Short-term
outcomes after MIS colectomy are superior to the open
approach. High-quality evidence demonstrate reductions
in blood loss, wound complications, return to bowel func-
tion, postoperative pain and length of hospitalization with
the MIS approach for colon cancer [8]. Furthermore, there
may be improved quality of life and performance status with
the MIS approach in the early postoperative period com-
pared to open surgery [9]. These improvements in postop-
erative recovery may allow for earlier initiation of adjuvant
chemotherapy.

Retrospective, single institution data report a shorter time
to initiation of adjuvant chemotherapy after laparoscopic and
robotic colectomies for colon cancer [10]. A meta-analysis
of observational studies of stage II/III colon or rectal cancer
identified laparoscopy as a significant predictor of earlier
adjuvant chemotherapy initiation compared to open surgery
[11]. However, the studies comparing surgical approach
were mostly of single-center design with small sample sizes
and heterogeneous patient populations [11]. As such, the
effect of MIS on the timing of adjuvant systemic therapy and
consequently, long-term survival, remains unclear. There-
fore, the objective of this study was to determine the effect of
MIS on the initiation of adjuvant chemotherapy and survival
in patients with stage III colon cancer.

Materials and methods
Data source and study subjects

The National Cancer Database (NCDB) is a cancer registry
sponsored by the American College of Surgeons, the Com-
mission on Cancer (CoC), and the American Cancer Society.
It includes approximately 70% of all new cancer diagnoses in
the United States consisting of over 1 million new cases per
year from 1500 hospitals [12]. For this study, the 2010-2014
colon and rectosigmoid junction cancer participant user file

(PUF) was used. These PUFs do not include rectal cancer.
Patients were further excluded if they had metastatic dis-
ease at diagnosis, neoadjuvant therapy, no surgery was per-
formed, or for histology other than colonic adenocarcinoma.
Variable definitions can be found at http://ncdbpuf.facs.org/
node/259. Patient characteristics included age, gender, race/
ethnicity, comorbidities, insurance status, median household
income, population density and education distribution of
the patient’s zip code, and distance traveled to the reporting
institution. Patient comorbidities were defined according to
the Deyo classification of the Charlson Comorbidity Index
[13]. The NCDB does not provide more detailed informa-
tion on specific comorbidities or body mass index. Hospital
characteristics included hospital type and facility location.
Facility is defined as per CoC accreditation criteria, based
on total number of new cancer diagnoses, diagnostic and
treatment services, research participation, and resident train-
ing. Hospital location is based on US census information.
Annual hospital volume was divided based on the median
number of colon cancer cases per year (90 resections) and
divided into low- (fewer than 90 cases) and high-volume
(90 or more cases) status. Tumor-related variables included
tumor size, grade, location, lymphovascular, and perineu-
ral invasion. Treatment-related variables included primary
surgical procedure and approach, lymph node yield, margin
status, length of primary inpatient stay, 30-day readmissions,
30- and 90-day mortality, and vital status at last contact.
Surgical approach was only included in the NCDB after
2010. Patients were divided into two groups based on their
treatment: MIS or open. The MIS group included patients
undergoing laparoscopic or robotic colectomy. Patients that
were converted to open surgery were included in the MIS
group. Cases where the surgical approach was not recorded
were included in the open group, as per the NCDB variable
definition.

Statistical analysis

The main outcome measures were time to initiation of adju-
vant systemic therapy and 5-year overall survival (OS).
Time to adjuvant therapy was categorized into three levels:
<56 days, > 56 days, or no adjuvant systemic therapy deliv-
ery. The 56-day cut-point was chosen based on other data
demonstrating worse oncologic outcomes with an 8-week
or longer delay to the initiation of adjuvant systemic ther-
apy after resected stage II and III colon cancer [4, 14-16].
Oncologic outcomes were defined using OS as the NCDB
does not record local recurrence or metastatic disease, and
therefore, disease-free survival could not be reported [17].
Propensity score matching was performed to minimize selec-
tion bias given the observational study design. A multiple
logistic regression model is fitted using the intervention
as the dependent variable, and calculates the probability
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(logit score) of receiving a MIS colectomy based on the
characteristics of each patient (age, gender, Charlson-Deyo
score, insurance status, ethnicity, education, income, facil-
ity type, location within the colon, hospital volume, tumor
size, T-stage, number of nodal metastases, total lymph node
harvest, grade, margin status, and lymphovascular and peri-
neural invasion). Nearest neighbor, 1-to-1 matching without
replacement and within 0.2 of the standard deviation of the
logit of the propensity score was performed to create bal-
anced groups of open and MIS colectomy [18, 19]. Iterative
balance checking after matching verified that the standard-
ized difference (mean difference divided by the standard
deviation of the mean difference) was less than 10% [20,
21]. Patients in either group who did not have any suitable
matches were removed from the analysis.

Data are represented as n (%) for categorical variables
and mean (standard deviation, SD) for continuous variables.
Univariate analyses were performed using Student’s # test for
continuous variables and y” test for categorical variables.
Kaplan—Meier curves were used to describe OS and log-
rank tests were used to compare the cumulative survival dis-
tributions. Multilevel regression analyses were performed
using Cox proportional hazard models for OS using unique
hospital identifier as the higher-level variable. The interac-
tion between time to initiation of adjuvant systemic therapy
and surgical approach was also tested. A subgroup analy-
sis excluding patients that died within 90 days of surgery
was also performed to account for potential delayed opera-
tive mortality. The NCDB does not contain information on
postoperative complications, but these may affect delivery
of adjuvant systemic therapy [7]. In order to account for
this potential effect, a proxy variable for complications
was defined as patients with length of stay greater than the
median (6 days in this dataset). The specific effect of each
4-week delay in adjuvant therapy was also tested, adjusting
for the same confounders as the main multivariate model.
Multiple regression analyses were only performed using the
propensity-matched cohort to further minimize bias [22].
Statistical significance was defined as p <0.05. All analyses
were performed using STATA 15.1 (StataCorp, College Sta-
tion, TX).

Results

A total of 86,680 patients were eligible and were included
in the analysis, of which 47,967 (55.3%) underwent an open
procedure and 38,713 (44.7%) underwent an MIS proce-
dure. There were 2856 robotic procedures (7.4% of all MIS
procedures) and 35,857 laparoscopic procedures. Over-
all conversion rate was 14.7% amongst MIS procedures:
8.6% for robotic versus 15.2% for laparoscopic colectomies
(» <0.001). There were significant differences in patient,
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facility, tumor, and operative characteristics between
patients undergoing open versus MIS procedures (Tables 1,
Supplemental Table 1). In the unmatched cohort, patients
undergoing MIS colectomy were more likely to receive adju-
vant systemic therapy as well as initiate within 56 days of
surgical resection. Patients undergoing MIS procedures had
a significantly higher 5-year cumulative OS compared to
those undergoing open procedures (61.4% vs. 51.1%, log-
rank p <0.001).

After the propensity score matching, 33,183 patients with
open procedures were matched to 33,183 patients undergo-
ing MIS colectomy, of which 2384 (7.2%) were robotic and
92.8% 30,799 (92.8) were laparoscopic. In the MIS group,
the incidence of conversion to open surgery was 15.2% over-
all, including 9.4% for robotic and 15.6% for laparoscopic
procedures (p <0.001). There were no differences in patient,
facility, tumor, and operative characteristics between open
and MIS colectomy in the matched cohort (Table 1 and Sup-
plemental Table 1). More patients in the MIS group received
adjuvant systemic therapy as well as initiated it within
56 days of surgery (Table 1). Amongst patients that received
adjuvant therapy, there were fewer patients in the MIS group
that experienced a prolonged delay (31% (7146/23337) ver-
sus 35% (7587/21634), p<0.001). MIS procedures were
also associated with higher 5-year cumulative OS (Fig. 1A,
B) compared to open (58.6% vs. 54.5%, log-rank p < 0.001).
When stratified by interval to systemic therapy, MIS was
associated with a statistically significant improved survival
compared to open if adjuvant therapy was delivered within
56 days (70% vs. 68%, p=0.014), beyond 56 days (61% vs.
60%, p=0.009), and if no adjuvant therapy was administered
(37% vs. 31%, p<0.001). Patients in the MIS group had
lower 5-year cumulative OS if they experienced a conver-
sion (52.7% converted vs. 59.7%, p <0.001) and similar OS
compared to the open group (p=0.896). In the subgroup
analysis excluding 90-day mortality (Fig. 2A, B), MIS was
still associated with a higher proportion of patients initiating
adjuvant systemic therapy within 56 days (50.8% vs. 45.5%,
p<0.001), as well as higher 5-year OS (61.9% vs. 58.5%,
p<0.001).

Differences in patient, tumor, facility, and operative char-
acteristics between patients that initiated adjuvant systemic
therapy within 56 days of surgery versus those that had
delayed initiation or no adjuvant systemic therapy are shown
in Table 2. Due to the large sample size, almost all variables
were statistically different, but clinically important differences
(defined as >5%) were seen in surgical approach, age, comor-
bidities, insurance status, tumor location, and length of post-
operative stay. The results of the different multiple regression
models are shown in Table 3. In the main model, MIS and
initiation of adjuvant systemic therapy <56 days were associ-
ated with improved survival, and the interaction between MIS
and time to initiation of adjuvant therapy was significant. In
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Table 1 Operative and pathologic details, and short-term outcomes

Unmatched cohort Matched cohort

Open N=47,967 MIS N=38,713 p Open N=33,183 MIS N=33,183 p

Procedure performed <0.001 0.943

Partial colectomy 41,649 (87%) 35,274 (91%) 30,155 (91%) 30,118 (91%)
Total (procto)colectomy 1536 (3%) 798 2%) 676 2%) 683 2%)
Colectomy with resection of contiguous organ 4189 (9%) 2354 (6%) 2145 (6%) 2165 (6%)

Colectomy, NOS 593 (1%) 287 (1%) 207 (1%) 217 (1%)

Tumor location <0.001 0.956
Ascending colon 22,153 (46%) 18,917 (49%) 16,270 (49%) 16,200 (49%)
Transverse colon 4472 9%) 2879 (7%) 2647 (8%) 2647 (8%)

Left colon 15,987 (33%) 12,765 (33%) 10,807 (33%) 10,858 (33%)
Rectosigmoid 5355 (11%) 4152 (11%) 3459 (10%) 3478 (10%)

Mean total number of lymph nodes (SD) 20.9 (11.5) 21.4 (11.0) <0.001 20.9(11.0) 20.8 (10.5) 0.764

Mean number of positive lymph nodes (SD) 3.9(6.3) 3.5(5.6) <0.001 3.6(5.0) 3.6 (5.6) 0.618

Mean tumor size, cm (SD) 53 4.1 4.8 (3.9) <0.001 5.44.4) 54 4.5) 0.396

Pathologic T-stage <0.001 0.399
0 1059 (2%) 614 (2%) 241 (1%) 247 (1%)

1 1403 (3%) 1991 (5%) 1271 (4%) 1191 (4%)

2 3762 (8%) 4299 (11%) 3239 (10%) 3183 (10%)
3 29,565 (62%) 24,734 (64%) 21,870 (66%) 21,892 (66%)
4 12,178 (25%) 7075 (18%) 6562 (20%) 6670 (20%)

Grade <0.001 0.552
Well/moderate diff 33,291 (69%) 27,595 (71%) 23,602 (71%) 23,516 (71%)

Poor diff 13,280 (28%) 10,035 (26%) 8724 (26%) 8770 (26%)
Unknown 1396 (3%) 1083 (3%) 857 (3%) 897 (3%)

Lymphovascular invasion <0.001 0.499
Yes 22,109 (46%) 17,779 (46%) 15,442 (47%) 15,493 (47%)

No 21,404 (45%) 17,709 (46%) 15,059 (45%) 15,090 (45%)
Missing 4454 (9%) 3225 (8%) 2682 (8%) 2600 (8%)

Perineural invasion <0.001 0.064
Yes 8375 (17%) 6221 (16%) 5386 (16%) 5451 (16%)

No 34,242 (71%) 28,707 (74%) 24,272 (73%) 24,389 (74%)
Missing 5350 (11%) 3785 (10%) 3525 (11%) 3443 (10%)

Margin status <0.001 0.458
Negative 42,744 (89%) 36,004 (93%) 30,709 (92%) 30,646 (92%)

Positive 47,528 (10%) 2510 (6%) 2275 (7%) 2349 (7%)
Unknown/missing 465 (1%) 199 (1%) 199 (1%) 188 (1%)

Mean length of stay, days (SD) 7.8(7.2) 6.0 (5.8) <0.001 7.6(6.9) 6.1(5.8) <0.001

30-day readmission <0.001 0.334
No 43,492 91%) 35,215 (91%) 30,187 (91%) 30,134 (91%)

Yes 4260 (8%) 3355 (9%) 2860 (9%) 2931 (9%)
Missing 215 (1%) 143 (0.4%) 136 (0.4%) 118 (0.4%)

30-day mortality 1868 (5%) 567 2%) <0.001 1120 (4%) 532 (2%) <0.001

90-day mortality 3196 (8%) 1071 (4%) <0.001 1923 (7%) 1000 (4%) <0.001

Adjuvant systemic therapy <0.001 <0.001
<56 days 19,625 (41%) 19,532 (51%) 14,047 (42%) 16,191 (49%)
> 56 days 10,874 (23%) 82,86 (21%) 7587 (23%) 7146 (22%)

No adjuvant therapy 17,391 (36%) 10,864 (28%) 11,549 (35%) 9846 (30%)
Mean follow-up, months (SD) 29.5 (18.3) 30.6 (16.6) <0.001 30.5(18.1) 30.4 (16.6) 0.511
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surgical approach and time to initiation of adjuvant therapy

all models, delayed initiation of adjuvant systemic therapy or
no adjuvant therapy was independently associated with worse
OS. Robotic colectomy was not independently associated with
5-year OS compared to the laparoscopic approach on sensitiv-
ity analysis using the multiple regression models without the
interaction terms (HR 0.95, 95% CI 0.83, 1.07), as well as the
model excluding 90-day mortality (HR 0.94, 95% CI 0.82,
1.09). Figure 3 demonstrates the adjusted effect of each 4-week
delay in the initiation of adjuvant therapy.
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Discussion

The administration of adjuvant systemic therapy for non-
metastatic node-positive colon cancer significantly reduces
disease recurrence and improves survival. Yet, a signifi-
cant proportion of patients with stage III resected colon
adenocarcinoma experience delays to the initiation of
adjuvant systemic therapy, or do not receive it at all [5].
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Table 2 Predictors of delayed initiation of chemotherapy (matched cohort only)

No delay in adjuvant ther-  Delayed adjuvant therapy (> 8 weeks) Absolute p value
apy (<8 weeks) N=30,238 or No adjuvant therapy N=36,128 difference®
MIS approach 16,191 (54%) 16,992 (47%) —-7% <0.001
Conversion to open surgery® 2242 (14%) 2792 (16%) +2% <0.001
Age, years (SD) 63.5(11.2) 72.1 (12.6) +8.6 <0.001
Male gender 15,336 (51%) 17,183 (48%) -3% <0.001
Charlson-Deyo score <0.001
0 21,976 (73%) 23,239 (64%) -9%
1 6523 (21%) 8960 (25%) +4%
2 1739 (6%) 3929 (11%) +5%
High volume hospital 15,652 (52%) 18,723 (52%) 0% 0.875
Race/ethnicity <0.001
White 25,133 (83%) 29,532 (82%) -1%
Black 3551 (12%) 4620 (13%) +1%
Hispanic 1026 (3%) 1355 (4%) +1%
Other/unknown 528 2%) 621 2%) 0%
Insurance <0.001
No insurance 915 3%) 972 (3%) 0%
Private insurance 13,899 (46%) 8941 (25%) —21%
Medicare/Medicaid 15,086 (50%) 25,842 (711%) +21%
Unknown/missing 338 (1%) 373 (1%) 0%
Procedure performed <0.001
Partial colectomy 27,662 (91%) 32,611 (90%) —1%
Total (procto)colectomy 539 2%) 820 2%) 0%
Colectomy with resection of contiguous organ 1826 (6%) 2484 (7%) +1%
Colectomy, NOS 211 (1%) 213 (1%) 0%
Tumor location <0.001
Ascending colon 13,900 (46%) 18,570 (51%) +5%
Transverse colon 2261 (7%) 3033 (8%) +1%
Left colon 10,664 (35%) 11,001 (30%) -5%
Rectosigmoid 3413 (11%) 3524 (10%) -1%
Mean total number of lymph nodes (SD) 21.4 (10.6) 20.3 (10.2) —-1.1 <0.001
Mean number of positive lymph nodes (SD) 3.7(4.1) 3.3(3.9) -0.4 <0.001
Mean tumor size, cm (SD) 2.3(0.7) 2.4 (0.7) +0.1 <0.001
Pathologic T-stage
0 221 (1%) 267 (1%) 0%
1 1149 (4%) 1313 (4%) 0%
2 2984 (10%) 3438 (10%) 0%
3 20,120 (67%) 23,642 (65%) —2%
4 5764 (19%) 7468 (21%) +2%
Grade <0.001
Well/moderate diff 21,760 (72%) 25,358 (70%) —2%
Poor diff 7738 (26%) 9756 (27%) +1%
Unknown 740 (2%) 1014 (3%) +1%
Lymphovascular invasion <0.001
Yes 14,148 (47%) 16,787 (46%) —-1%
No 13,853 (46%) 16,296 (45%) —-1%
Missing 2237 (T%) 3045 (8%) +1%
Perineural invasion <0.001
Yes 5021 (17%) 5816 (16%) —-1%
No 22,471 (74%) 26,090 (72%) —2%
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Table 2 (continued)

No delay in adjuvant ther-  Delayed adjuvant therapy (> 8 weeks) Absolute p value
apy (<8 weeks) N=30,238 or No adjuvant therapy N=36,128 difference®
Missing 2746 (9%) 4222 (12%) +3%
Margin status 0.001
Negative 28,078 (93%) 33,277 (92%) —-1%
Positive 1997 (7%) 2627 (7%) 0%
Unknown/missing 163 (1%) 224 (1%) 0%
Mean length of stay, days (SD) 5.54.2) 8.0 (7.6) <0.001
30-day readmission <0.001
No 27,690 (92%) 32,631 (90%) -2%
Yes 2445 (8%) 3346 O%) +1%
Missing 103 (0.3%) 151 (0.4%) 0%

#Only amongst patients in the MIS group (no delay, n=16,191; and delay > 8 weeks or no adjuvant therapy, n=16,992)

PRepresented as absolute difference in percentage or mean

Therefore, there exists an important need to identify poten-
tial methods to improve the delivery of adjuvant therapy.
In this study, MIS colectomy for stage III colon adeno-
carcinoma was associated with fewer delays to adjuvant
systemic therapy and increased 5-year survival compared
to the open approach.

There are few guidelines on the optimal timing for the
initiation of adjuvant systemic therapy after resected stage
III colon cancer. It is generally assumed adjuvant therapy
should be administrated as soon as possible after surgery,
especially in light of data reporting worse oncologic out-
comes with longer intervals. In the landmark paper by Biagi
et al., each 4-week delay was associated with a 14% decrease
in OS [4]. However, this risk relationship is not linear, as
Sun et al. demonstrated that the risk significantly increases
with any delay only beyond 44 days [15]. Other studies have
reported optimal timing within 8 weeks after surgical resec-
tion [14, 16, 23, 24]. However, patients must have recovered
enough after surgical resection in order to tolerate systemic
therapy. It is in this context that MIS colectomy may offer
a survival advantage by minimizing the physiologic impact
of surgery and allowing for a shorter time to the initiation
of adjuvant therapy.

A systematic review including 67,537 patients reported
older age, martial status, low socioeconomic status, comor-
bid status, prolonged length of stay, and readmissions as
significant predictors of a delay in adjuvant chemotherapy
in colorectal cancer [11]. Many of these factors were also
identified as significant predictors of delayed initiation in
the present study. We accounted for most of these factors,
amongst others, in our propensity score matching to create
balanced cohorts of MIS and open procedures in order to
isolate the effect of surgical approach on timing of adjuvant
therapy. Even in the matched cohort, surgical approach was
associated with fewer delays to adjuvant systemic therapy.
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There are several hypotheses for this finding. It is well dem-
onstrated that laparoscopic colectomy has lower postopera-
tive morbidity compared to open surgery [8], which will
delay chemotherapy [24]. Laparoscopic colectomy is also
associated with a decreased surgical stress response [25,
26] and improved functional recovery [27, 28] compared to
open surgery, which may also result in increased ability to
commence and tolerate adjuvant systemic therapy. However,
there were still a significant proportion (30%) of patients in
the MIS group that did not receive any adjuvant systemic
therapy. A significant limitation of the NCDB is that the
reason for delayed initiation or non-administration of adju-
vant systemic therapy is not recorded. It can be hypothesized
that these patients may be older, have more comorbidities,
or experienced complications (which were all significant
predictors in the present study). While the exact timing of
systemic therapy after surgery may be up for debate, omis-
sion of adjuvant therapy is clearly associated with worse OS,
regardless of approach. The timing of administration of adju-
vant systemic therapy is affected by both patient and system
factors [24]—although improvements in perioperative care
and surgical techniques may lessen the impact of surgery and
allow for more timely initiation of adjuvant therapy [29, 30].

In the present study, MIS was also independently associ-
ated higher 5-year OS compared to open surgery. However, it
is unclear whether the survival advantage is uniquely related
to the improved delivery of adjuvant systemic therapy or if
there is an inherent benefit to MIS. These data do not dem-
onstrate a clinically significant difference in 5-year OS for
MIS versus open procedures if adjuvant therapy was initi-
ated within 56 days or if it was delayed beyond 56 days.
There was a 5% absolute difference amongst patients that did
not receive any adjuvant therapy in favor of MIS, which was
also seen in the interaction terms of the multiple regression
survival model. The reasons for these findings are unclear
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Table 3 Multiple regression
analysis on 5-year overall
survival

Total cohort HR (95% CI)

Subgroup analysis excluding

patients with 90-day mortality, HR

(95%CI)

Delay in adjuvant systemic therapy

<56 days (ref.)
> 56 days
No adjuvant therapy
MIS approach
Interaction term
MIS x <56 days delay (ref.)
MIS x > 56 days delay
MIS x no adjuvant therapy
Age, per year increase
Male gender
Charlson-Deyo score
0 (ref.)
1
2+
Tumor location
Ascending colon (ref.)
Transverse colon
Left colon
Rectosigmoid
Lymphovascular invasion
Negative (ref.)
Positive
Unknown/missing
Perineural invasion
Negative (ref.)
Positive
Unknown/missing
Margin status
Negative (ref.)
Positive
Unknown/missing
Grade
Well/moderate diff (ref.)
Poor diff
Unknown
LN harvest, per LN increase
Involved LNs, per LN increase
Pathologic T-stage
0/1 (ref.)
2
3
4
Tumor size, per cm increase
High volume hospital
Race/ethnicity
White (ref.)
Black
Hispanic

1.27 (1.19, 1.36)
2.79 (2.63, 2.96)
0.92 (0.86, 0.97)

1.16 (1.08, 1.27)
0.96 (0.87, 1.16)
1.02 (1.01, 1.03)
1.18 (1.07, 1.26)

1.14 (1.10, 1.20)
1.52 (1.44, 1.60)

1.01 (0.95, 1.07)
0.90 (0.86, 0.93)
0.86 (0.81, 0.97)

1.27(1.22,1.32)
1.06 (0.99, 1.13)

1.24 (1.19, 1.30)
0.97 (0.91, 1.03)

1.56 (1.46, 1.66)
1.48 (1.18, 1.84)

1.34 (1.30, 1.40)
1.08 (0.97, 1.20)
0.99 (0.98, 0.99)
1.03 (1.02, 1.03)

1.09 (0.95, 1.23)
1.57 (1.40, 1.77)
247 (2.18,2.79)
1.00 (1.00, 1.00)
0.96 (0.92, 0.99)

1.03 (0.97, 1.10)
0.89 (0.80, 0.99)

1.28 (1.20, 1.38)
2.07 (1.94,2.19)
0.91 (0.86, 0.97)

0.96 (0.87, 1.08)
0.96 (0.88, 1.05)
1.03 (1.02, 1.03)
1.16 (0.95, 1.13)

1.13 (1.08, 1.18)
1.54 (1.45, 1.64)

1.00 (0.93, 1.07)
0.87(0.83,0.91)
0.89 (0.83, 0.95)

1.28 (1.23,1.33)
1.05 (0.98, 1.12)

1.28 (1.22, 1.34)
0.95 (0.89, 1.02)

1.55 (1.45, 1.66)
1.46 (1.17, 1.83)

1.37 (1.32, 1.43)
1.14 (1.01, 1.29)
0.99 (0.98, 0.99)
1.03 (1.02, 1.03)

1.09 (0.95, 1.27)
1.66 (1.46, 1.89)
2.77(2.42,3.17)
1.00 (1.00, 1.00)
0.96 (0.91, 1.01)

1.08 (1.01, 1.16)
0.89 (0.79, 0.99)
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Table 3 (continued)

Total cohort HR (95% CI) Subgroup analysis excluding
patients with 90-day mortality, HR

(95%CI)

Other/unknown
Insurance

No insurance (ref.)

Private insurance

Medicare/Medicaid

Unknown/missing
Length of stay > 6 days

0.87 (0.75, 1.02) 0.80 (0.67, 0.95)

0.80 (0.72, 0.90)
0.94 (0.84, 1.06)
0.77 (0.62, 0.97)
1.47 (142, 1.53)

0.76 (0.68, 0.86)
0.92 (0.82, 1.04)
0.67 (0.53, 0.84)
1.42 (1.37, 1.48)

4-8 weeks ——i ref. category: <4 weeks
8-12 weeks ——

>
o
o
2
= 12-16 weels | ——
]
=3
3
E
< 16-20 weeks | ——
&
[
a

>20 weeks ——

No adjuvant therapy | —o—
T T T T T
0.75 1.00 1.50 2.00 2.50 3.00

Adjusted Hazard Ratio for 5-year OS

Fig.3 Adjusted effect of each 4-week delay in the initiation of adju-
vant systemic therapy on 5-year overall survival

as the NCDB does not record the reason why adjuvant sys-
temic therapy was delayed or not administered. One of the
main hypotheses again relates to lower incidence of surgical
complications after MIS colectomy. Patients who experi-
ence a complication are also less likely to receive adjuvant
therapy [7], which will affect long-term outcomes [5]. The
specific type of surgical complication may also affect sur-
vival. Infectious complications, which have been implicated
in the promotion of cancer metastases [31], are specifically
associated with lower disease-free and overall survival [32,
33]. However, postoperative morbidity is not recorded in the
NCDB therefore this specific hypothesis cannot be inves-
tigated using these data. Length of postoperative stay was
significantly higher after open procedures, which is a sur-
rogate measure of postoperative course and recovery. We
performed a subgroup analysis by excluding patients who
experienced a 90-day mortality to account for the poten-
tial difference in delayed operative mortality due to surgical
approach. Even in this analysis, MIS was associated with
fewer delays to systemic therapy and improved 5-year OS.
One of important questions raised by this study was the
difference in OS in favor of MIS, which was not demon-
strated by the large randomized trials comparing open and
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laparoscopic colectomy for colon adenocarcinoma [34, 35].
There may be several reasons for this discrepancy. The most
obvious is that the present study is based on observational
data, albeit from a highly inclusive national cancer regis-
try. We attempted to create balanced cohorts of MIS and
open procedures; however, there remains the possible of
residual bias from unmeasured confounders [36]. Beyond
methodological differences, several other factors should be
considered. There have not been any new randomized tri-
als comparing laparoscopic and open colectomy for colon
cancer since the publication of the large trials in 2002-2004
[37]. MIS training, techniques, and equipment have evolved
significantly over time, especially given that only patients
operated on from 2010 to 2014 were included in the present
study. There may have also been a learning curve effect early
in the laparoscopic colectomy era (many of the trials had a
minimum number of 20 laparoscopic colectomies performed
to be eligible to participate) that could have affected both
short- and long-term outcomes [38, 39]. Chemotherapy regi-
mens have also changed over time, especially with the addi-
tion of oxaliplatin for stage III adenocarcinoma and other
targeted agents for metastatic disease. These randomized
trials also did not report time to adjuvant therapy.

The results of this study should be interpreted in view of
other limitations. The NCDB does not include more granu-
lar data on the specific chemotherapy regimen or systemic
therapy compliance. There may also be important variations
in the delivery of appropriate systemic therapy in addition to
the timeliness, which may affect oncologic outcomes [40].
Completion of the full-course of adjuvant therapy will also
affect survival [41]. The comorbidity score in the NCDB is
relatively imprecise, which will affect the decision to deliver
adjuvant therapy and survival itself, although this was one
of the matching covariates and was well balanced between
the MIS and open groups. There are also other unmeasured
variables such as operative complexity and perioperative
management that may affect the ability to undergo adjuvant
therapy [29, 42, 43]. The NCDB also does not include an
emergency surgery variable, which could potentially explain
the high incidence of margin involvement. These results may
also not be widely generalizable, as the NCDB only includes
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data from CoC accredited hospitals, and may have under-
representation of certain ethnicities. However, the NCDB
includes a diverse patient population that represents real-
world practice, which may improve the generalizability of
these data compared to randomized trials that have strict
patient selection criteria.

In summary, an MIS approach in patients with stage I1I
colon cancer is associated with fewer delays to adjuvant
systemic therapy compared to an open procedure. This was
associated with an important survival advantage for stage
III colon cancer in favor of MIS. However, a significant pro-
portion of patients in both groups did not receive adjuvant
therapy at all. These data suggest that patients with non-
metastatic colon cancer should undergo an MIS procedure
whenever possible, but also further investigation into the
reasons why so many patients are not administered adjuvant
therapy in a timely fashion.
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