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ABSTRACT

Background. Recent attention has focused on the ability
to rescue patients from postoperative complications and
prevent short-term mortality. However, it is unknown
whether patients rescued from complications after complex
cancer resections have long-term survival outcomes similar
to those of patients without complications.

Methods. From 2005 to 2009 Surveillance, Epidemiology,
and End Results (SEER)-Medicare data, the study identi-
fied elderly patients who underwent resection for cancers
of the esophagus, lung, or pancreas. The association of
risk-adjusted long-term survival with serious complica-
tions, minor complications, and no complications was
analyzed.

Results. The study included 905 patients with esophageal
cancer, 12,395 patients with lung cancer, and 1966 patients
with pancreatic cancer. The serious complication rates
were respectively 17.4, 9.5 and 11.8 %. The patients with
serious complications had lower 5-year survival rates than
those with no complications even if they were rescued and
survived 30 days (20 vs 43 % for esophagus, 29 vs 54 % for
lung, and 10 vs 21 % for pancreas cancer). Even after
patients who died within 180 days after surgery were
excluded from the analysis, a decrement in risk-adjusted
long-term survival was observed among the patients with
serious complications after all three procedures. The
association between complications and long-term survival
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was not explained by differences in receipt of adjuvant
chemotherapy

Conclusion. Patients who undergo complex cancer resec-
tion and experience serious complications have diminished
long-term survival, even if they are “rescued” from their
complications. This finding persists even when deaths
within 6 months after surgery are excluded from the
analysis. Metrics of surgical success should consider terms
beyond 30 and even 90 days as well as the long-term
consequences of surgical complications.

Variation in 30-day mortality after complex surgical
procedures is attributable in part to differences in the
abilities of hospitals to manage complications effectively
and prevent postoperative death. In fact, high- and low-
mortality hospitals have similar complication rates but
differ chiefly in their ability to “rescue” patients after
complications occur."” For patients undergoing cancer
resection, however, 30-day mortality metrics provide an
incomplete assessment of the impact that postoperative
complications have on longer-term survival. For example,
delayed mortality in the 30- to 90-day window or even
beyond may still be attributable to complications. Alter-
nately, patients may survive their complications but remain
so debilitated that they cannot complete adjuvant therapy,
potentially compromising their long-term survival.’
Finally, postoperative = complications may have
immunomodulatory effects that influence tumor recurrence
and disease-free survival.*’

Previous studies have documented decreased long-
term survival for patients with postoperative complica-
tions after resection of biliary,6 colorectal’™
esophageal,'® gastric,'""'? hepatocellular,”® lung,'*'
and pancreatic cancers.'® However, most of these studies
excluded only patients who died within 30 days after
surgery and therefore may have underestimated the true
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short-term mortality attributable to complications.
Studies that excluded deaths within 90 days found con-
flicting  results.®”'%'"!8  Fyrthermore,  although
postoperative complications are associated with
decreased receipt of adjuvant chemotherapy,®'® the
association of chemotherapy use with long-term survival
has been inconsistently examined in prior studies and
remains unclear. Finally, most of these prior studies used
institutional databases, raising concerns about selection
bias and generalizability of the results.

We aimed to analyze population-based registry data on
patients undergoing three different complex cancer resec-
tions, namely, esophagectomy, pulmonary lobectomy, and
pancreatectomy. Using these robust, nationally represen-
tative data, we sought to quantify the impact of
postoperative complications on long-term survival, assess
the influence of surgical mortality beyond 30 days, and
explore the role of adjuvant chemotherapy as a mediator of
this relationship.

METHODS
Data Source and Study Cohort

The primary data source was Surveillance, Epidemiol-
ogy, and End Results (SEER) cancer registry data linked
with national Medicare claims.'® We identified patients
65 years of age and older with a diagnosis of esophageal
cancer, non-small cell lung cancer, or pancreatic cancer
(excluding neuroendocrine tumors) between 2005 and 2009
who underwent a surgical resection with curative intent.

Only the first cancer-directed surgical procedure after
diagnosis was considered. We included only patients with
continuous, complete (parts A & B), fee-for-service
Medicare enrollment at least 6 months before surgery and
at least 12 months after surgery. Patients with metastatic
disease or unknown extent of disease were excluded from
the study. Patients with a preoperative hospital stay longer
than 2 days were excluded, as also were patients with
missing stage data.

Outcomes and Risk Adjustment

Complications were identified from claims using an
algorithm that includes cardiac, pulmonary, thromboem-
bolic, and infectious complications.”>** Relevant codes
were derived from Medicare claims data and validated by
multidisciplinary physician review of patient charts as part
of the Complications Screening Program.’®*' “Serious
complications” were defined as those associated with a
hospital length of stay greater than the 75th percentile for
that procedure.”® Survival after surgery was determined

primarily using Medicare data, with SEER data used if
Medicare data were incomplete.

The covariates used for risk adjustment were patient sex,
age, American Joint Committee on Cancer (AJCC) disease
stage, and comorbidity score. Comorbidity burden was
quantified using the Charlson Comorbidity Index.**?
Other demographic and clinicopathologic variables were
ascertained from SEER.

To account for differences in resection procedures for
similar malignancies (e.g., pancreaticoduodenectomy vs
distal pancreatectomy), we also adjusted for the primary
procedure code. For esophageal cancer, a sensitivity anal-
ysis included adjustment for histologic subtype
(adenocarcinoma vs squamous cell cancer), but this did not
affect our primary conclusions.

Statistical Analysis

Survival analyses were performed with Cox propor-
tional hazards models using robust standard errors to
account for clustering by hospital. Statistical analyses were
performed using SAS version 9.2 (SAS Institute, Cary, NC,
USA). The study protocol was deemed exempt from review
by the University of Michigan Institutional Review Board.
All analyses complied with the SEER-Medicare Data Use
Agreement.

RESULTS

The analysis included 905 patients with esophageal
cancer, 12,395 patients with lung cancer, and 1966 patients
with pancreatic cancer (Table 1). The incidence of serious
complications ranged from 9.5 % for lung cancer resection
to 17.4 % for esophageal cancer resections. Mortality rates
at 30 days ranged from 3.3 % for lung cancer resections to
6.2 % for esophageal cancer resections, indicating that the
majority of patients experiencing postoperative complica-
tions were rescued from early mortality. However,
subsequent mortality at 90 and 180 days was significant,
with the 180-day mortality rate rising to approximately
three times the 30-day mortality rate across all procedures.

Initial survival analyses focused only on patients who
survived at least 30 days after surgery, such that patients
with complications who were not rescued would be
excluded. Occurrence of complications was associated with
poorer long-term survival across all disease stages and
sites, even after patients who died within 30 days were
excluded (Fig. 1). For example, among patients with stage
1 lung cancer, 5-year survival decreased from 62 % (me-
dian, 79 months) for those without a complication to 33 %
(median, 33 months) for those rescued from a serious
complication. Among patients with stage 1 pancreatic
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TABLE 1 Characteristics of the study cohort

Esophagus N (%) Lung n (%) Pancreas N (%)

Patients 965 12,395 1966
Female 175 (18.1) 6227 (50.2) 1038 (52.8)
Age (years)

65-69 342 (35.4) 3306 (26.7) 540 (27.5)

70-74 311 (32.2) 3597 (29.0) 553 (28.1)

75-79 199 (20.6) 3254 (26.3) 504 (25.6)

>80 113 (11.7) 2238 (18.1) 369 (18.8)
AJCC stage

1 296 (30.7) 8685 (70.1) 346 (17.6)

2 378 (39.2) 1733 (14.0) 1535 (78.1)

3 291 (30.2) 1977 (15.9) 85 (4.3)
Comorbidity score

0 83 (8.6) 802 (6.5) 92 (4.7)

1 172 (17.8) 2348 (18.9) 288 (14.6)

24 710 (73.6) 9245 (74.6) 1586 (80.7)
Complication

None 599 (62.1) 10,286 (83.0) 1525 (77.6)

Minor 198 (20.5) 934 (7.5) 209 (10.6)

Serious 168 (17.4) 1175 (9.5) 232 (11.8)
Mortality

30-day 60 (6.2) 408 (3.3) 76 (3.9)

90-day 131 (13.6) 784 (6.3) 143 (7.3)

180-day 193 (20.0) 1148 (9.3) 307 (15.6)

AJCC American Joint Committee on Cancer

cancer, S-year survival decreased from 45 % (median,
54 months) for those without a complication to 17 %
(median, 15 months) for those rescued from a serious
complication.

Multivariable analyses then were performed to adjust for
other known determinants of survival, such as disease stage
and comorbidity (Table 2). Again, patients who died
within 30 days were excluded. The risk-adjusted survival
of patients with minor complications did not differ appre-
ciably from the survival of those without complications,
although a statistically significant difference was observed
for lung cancer. However, patients with serious complica-
tions had significantly worse risk-adjusted long-term
survival across all three procedures, with hazard ratios
ranging from 1.57 for pancreatic cancer to 2.55 for eso-
phageal cancer.

Because mortality attributable to postoperative compli-
cations can occur beyond 30 days, additional analyses
focused only on those patients who survived at least 90 and
180 days (Table 3). Although some of the effect of com-
plications on mortality was attenuated with longer intervals
after surgery, a persistent and significant effect of com-
plications on long-term survival remained. Even when only
the patients who survived 180 days after surgery were

considered, those with serious complications had signifi-
cantly worse risk-adjusted long-term survival across all
three procedures, with hazard ratios ranging from 1.31 for
pancreatic cancer to 1.63 for esophageal cancer.

There were differences in receipt of chemotherapy based
on occurrence of complications (Table 4). For example,
among patients with stage 2 pancreatic cancer, adjuvant
chemotherapy was administered to 64 % of those without
complications but only 33 % of those with serious com-
plications (p < 0.001). Among patients with stage 2 lung
cancer, adjuvant chemotherapy was given to 53 % of those
without complications but only 19 % of those with serious
complications (p < 0.001). However, when receipt of
chemotherapy was added to the multivariable survival
models, its effect was not significant in any analysis, and
the hazard ratio estimates for the effects of complications
remained virtually unchanged.

DISCUSSION

In this population-based study of long-term survival
after three different complex cancer resections, patients
with serious postoperative complications experienced sig-
nificantly inferior long-term survival compared with
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FIG. 1 Kaplan—-Meier survival curves stratified by disease site, stage, and occurrence of complications: no complication (blue), minor

complication (yellow), or serious complication (green)

patients who had no complications. These results were
remarkably consistent across all three procedures, with an
increased risk for death after 30 days of 50-150 %.
Although patients with serious complications had lower
rates of receiving adjuvant chemotherapy, chemotherapy
use alone did not explain the differences in long-term
survival.

Previous studies have been inconsistent in considering
the effects of late mortality after 30 days that still may be
related to complications. Our results demonstrated persis-
tent differences in survival not only when patients who
avoided 30-day mortality from complications were con-
sidered, but also when those who survived at least 90 and
even 180 days after surgery were considered. These find-
ings strongly suggest an association between occurrence of
serious complications and long-term survival that is not
explained by surgical mortality in the 30-, 90-, or even
180-day window after surgery. Our results are consistent
with those of two recent studies that demonstrated
decreased long-term survival of 90-day survivors among
patients with complications after esophageal and colorectal

cancer resections.” ' As in our study, differences in receipt
of adjuvant therapy did not explain the decrement in
survival.

Failure to rescue or mortality among patients with
complications has been widely studied and used as a hos-
pital quality measure.”®?” Because high- and low-mortality
hospitals have similar complication rates, the validity of
complication rates as a marker of hospital quality has been
questioned.' The association between occurrence of com-
plications and long-term survival of patients undergoing
surgery for cancer, however, suggests that complication
rates might need to be reconsidered as one element in
assessing the overall quality of cancer care. Clearly, low
surgical mortality remains the cornerstone of quality in
surgical oncology. However, among low-mortality hospi-
tals, patients with low complication rates may achieve
superior oncologic outcomes.

Several limitations to our study should be noted. First,
we used administrative data rather than clinical registry
data to detect complications. Although this approach sac-
rifices some clinical detail, our definition of serious
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TABLE 2 Association of complications with risk-adjusted survival, 30-day survivors only

Esophagus HR (95 % CI)

Lung HR (95 % CI)

Pancreas HR (95 % CI)

Female
Age (years)
65-69
70-74
75-79
>80
AJCC stage
1
2
3
Comorbidity score
0
1
24
Complication
None
Minor

Serious

0.94 (0.74-1.20)

Ref.

1.14 (0.92-1.41)
1.24 (0.96-1.60)
1.64 (1.25-2.15)

1.38 (1.30-1.47)

Ref.

1.07 (1.00-1.15)
1.23 (1.14-1.32)
1.43 (1.32-1.56)

1.06 (0.94-1.19)

Ref.

1.17 (1.02-1.35)
1.23 (1.08-1.40)
1.39 (1.16-1.66)

Ref.

2.03 (1.57-2.62)
3.96 (3.00-5.23)

Ref.

1.55 (0.96-2.50)
1.86 (1.20-2.89)

Ref.

1.11 (0.89-1.40)
2.55 (1.97-3.30)

Ref.
1.92 (1.78-2.07)
2.09 (1.93-2.26)

Ref.
1.28 (1.09-1.51)
1.97 (1.70-2.28)

Ref.
1.23 (1.11-1.36)
2.13 (1.93-2.36)

Ref.

2.03 (1.
331 (2.

Ref.

1.21 (0.
1.83 (1.

Ref.

1.06 (0.
1.57 (1.

69-2.44)
41-4.53)

91-1.63)
40-2.39)

87-1.30)
27-1.94)

HR hazard ratio; CI confidence interval; Ref referent; AJCC American Joint Commission on Cancer
Analyses also adjusted for primary procedure code

TABLE 3 Association of complications with risk-adjusted survival excluding postoperative deaths

30-day survivors HR (95 % CI)

90-day survivors HR (95 % CI)

180-day survivors HR (95 % CI)

Esophagus
Complication
None
Minor
Serious
Lung
Complication
None
Minor
Serious
Pancreas
Complication
None
Minor
Serious

Ref.
1.11 (0.89-1.40)
2.55 (1.97-3.30)

Ref.
1.23 (1.11-1.36)
2.13 (1.93-2.36)

Ref.
1.06 (0.87-1.30)
1.57 (1.27-1.94)

Ref.
1.08 (0.84-1.38)
1.97 (1.48-2.61)

Ref.
1.25 (1.12-1.39)
1.74 (1.57-1.94)

Ref.
1.04 (0.85-1.27)
1.44 (1.17-1.78)

Ref.
0.98 (0.75-1.28)
1.63 (1.21-2.19)

Ref.
1.26 (1.12-1.41)
1.60 (1.43-1.79)

Ref.
0.99 (0.81-1.20)
1.31 (1.04-1.65)

HR hazard ratio; CI confidence interval; Ref. referent

Analyses adjusted for sex, age, American Joint Commission on Cancer (AJCC) stage, comorbidity score, and primary procedure code

complications (i.e., complications associated with a hos-
pital length of stay greater than the 75th percentile) is
likely to be both sensitive and specific for adverse post-
operative events.””> We performed risk adjustment using

available claims data, which are inherently limited for this
purpose.'® In particular, residual confounding is of concern
because patients more prone to complications also may be
prone to poorer long-term survival. However, we believe
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TABLE 4 Receipt of adjuvant chemotherapy, stratified by stage and complications
Stage Complication Esophagus (n = 965) Lung (n = 12,395) Pancreas (n = 1966)
Chemol/total (%) p Value Chemol/total (%) p Value Chemo/total (%) p Value
1 None - 0.98 981/7251 (14) <0.001 106/279 (38) 0.55
Minor - 73/635 (12) 11729 (38)
Serious - 45/799 (56) 11/38 (29)
2 None 44/234 (19) 0.02 748/1410 (53) <0.001 759/1190 (64) <0.001
Minor <11/75 (<15) 51/136 (38) 72/162 (44)
Serious <11/69 (<16) 35/187 (19) 61/183 (33)
3 None 59/183 (32) 0.002 832/1625 (51) <0.001 29/56 (52) 0.26
Minor 16/63 (25) 76/163 (47) -
Serious <11/45 (<24) 37/189 (20) -

Chemo, patients receiving adjuvant chemotherapy

Some values are suppressed (—) to comply with the Surveillance, Epidemiology, and End Results (SEER)-Medicare data use agreement

requirement that cell values lower than 11 not be reported

that the magnitude and consistency of the phenomenon we
observed across three different procedures are unlikely to
be spurious results due to inadequate risk adjustment.
Similarly, we were unable to ascertain cause of death.
However, late deaths for these poor-prognosis cancers are
likely to be cancer related.

The mechanism by which postoperative complications
and long-term survival may be linked is unclear. As noted
earlier, the association may simply be the result of residual
confounding. However, the occurrence of certain postop-
erative complications, such as pancreatic fistula, should in
theory be unrelated to other comorbidities that have an
impact on survival. Additionally, some studies have found
that infectious complications in particular may have a
negative impact on survival,>’'*!>?% suggesting that
immunomodulatory effects may result in early cancer
recurrence®’ > Inability to receive chemotherapy also may
theoretically mediate differences in survival, although this
was not the case in our study.

Complications after complex cancer surgery will never
be completely eliminated, although avoiding them remains
a worthwhile goal. Surgical and medical oncologists should
be aware, however, that patients who do experience com-
plications may have consequences that extend well beyond
the postoperative period. The concept of “rescue” as
defined by avoidance of mortality is not precise enough to
capture the full effect of postoperative complications on
patient outcomes. Further work is needed to understand the
mechanism of death in these patients and whether inten-
sified surveillance may be of benefit. Policymakers and
providers also should be aware of this phenomenon in
evaluating the quality of cancer care.
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