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ABSTRACT 
Background.  Despite increasing use of immunotherapy in 
the treatment of various cancer types, understanding of its 
impact on postoperative complications still is limited. This 
study aimed to characterize the association between neo-
adjuvant immunotherapy and surgical outcomes for rectal, 
colon, anal, esophageal, lung (non-small cell), and oral cav-
ity cancers.
Methods.  Using the National Cancer Database (NCDB), 
the study selected patients ages 18–90 years who underwent 
non-palliative oncologic surgery between 2010 and 2020. 
The primary outcome was major morbidity, defined as hos-
pital length of stay within the top decile of each surgery 
subtype, unplanned 30-day readmission, or 30-day mortality. 
Multivariable logistic regressions for major morbidity were 
performed to assess neoadjuvant immunotherapy effects 
by cancer type while controlling for patient demographics, 
Charlson-Deyo comorbidity index, cancer staging, pro-
cedure type, surgical approach, and other treatment (e.g., 
chemotherapy or radiotherapy).
Results.  Of 1,348,334 cases with any of the six cancer 
types, the study sample included 953,612 cases. Of these 
cases, 4771 (0.5 %) involved neoadjuvant immunotherapy, 

and 948,841 (99.5 %) did not. The pooled odds ratio was 
0.98 (95% confidence interval [CI] 0.81–1.19). Neoadju-
vant immunotherapy was not significantly associated with 
major morbidity after surgery for rectal (adjusted odds ratio 
[aOR], 0.83; 95% CI 0.60–1.16), colon (aOR, 1.27; 95% CI 
0.87–1.85), anal (aOR, 1.90; 95 % CI 0.16–23.15), esopha-
geal (aOR, 0.35; 95% CI 0.08–1.49), lung (non-small cell) 
(aOR, 1.06; 95% CI 0.65–1.73), or oral (aOR, 1.10; 95% CI 
0.61–2.00) cancer.
Conclusions.  Neoadjuvant immunotherapy is not signifi-
cantly associated with postoperative complications across 
several cancer types. As the largest study on neoadjuvant 
immunotherapy postoperative complications, this study 
suggests that surgery in the setting of neoadjuvant immu-
notherapy is safe.

Keywords  Anal cancer · Colon cancer · Esophageal 
cancer · Non-small cell lung cancer · Oral cancer · 
Immunotherapy · Neoadjuvant · Postoperative 
complications

Immunotherapy has revolutionized cancer treatment, 
with increasing adoption across various cancer types.1 
Whereas the impact of neoadjuvant chemotherapy on surgi-
cal outcomes has been extensively studied,2 few studies have 
assessed surgical complication risks associated with neoad-
juvant immunotherapy.3,4 Determining whether neoadjuvant 
immunotherapy compromises surgical safety is crucial for 
refining patient selection for cancer resection. This study 
aimed to characterize the association between neoadjuvant 
immunotherapy use and surgical outcomes for rectal, colon, 
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anal, esophageal, lung (non-small cell), and oral cavity can-
cers. We hypothesized that neoadjuvant immunotherapy is 
not associated with increased risk of surgical complications.

MEHODS

Using the National Cancer Database (NCDB), which 
contains de-identified patient data from more than 1400 
centers in the United States,5 we selected patients 18 to 90 
years of age who underwent non-palliative oncologic surgery 
for rectal, colon, anal, esophageal, lung (non-small cell), or 
oral cavity cancer between 2010 and 2020. Together with 
cases that had missing data, the study excluded minimally 
invasive oral cavity cases and colon cases involving radiation 
because these options are not standard of care and likely 
reflect database discrepancies.

Neoadjuvant immunotherapy was def ined as 
immunotherapy administered as first-course therapy 
before the date of surgery. Our primary outcome was 
major morbidity, defined as hospital length of stay within 
the top decile of each surgery subtype, unplanned 30-day 
readmission, or 30-day mortality. This is similar to the 
approach described by Wong et al.3

Multivariable logistic regressions for major morbidity 
were performed on R statistical software (version 4.3.2) 
to calculate the individual and pooled odds ratios of 
major morbidity from neoadjuvant immunotherapy by 
cancer type while controlling for patient demographics, 
Charlson-Deyo comorbidity index, clinical cancer 
staging, procedure type, surgical approach, and other 
treatment (e.g., chemotherapy or radiotherapy). This 
study was conducted following the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guidelines.6

RESULTS

Of 1,348,334 cases with any of the six cancer types, 
our sample included 953,612 cases (eFig.  1 in Sup-
plement 1). Of these cases, 4771 (0.5 %) involved 

neoadjuvant immunotherapy and 948,841 (99.5 %) did 
not (Table 1). The pooled odds ratio of major morbid-
ity associated with neoadjuvant immunotherapy was 
0.98 (95 % CI, 0.81–1.19). Figure 1 shows that neoad-
juvant immunotherapy was not significantly associated 
with major morbidity after surgery for rectal (adjusted 
odds ratio [aOR], 0.83; 95 % CI, 0.60–1.16), colon 
(aOR, 1.27; 95 % CI, 0.87–1.85), anal (aOR, 1.90; 95 
% CI, 0.16–23.15), esophageal (aOR, 0.35; 95 % CI, 
0.08–1.49), lung (non-small cell) (aOR, 1.06; 95 % CI, 
0.65–1.73), or oral (aOR, 1.10; 95 % CI, 0.61–2.00) can-
cer. Lack of insurance (compared with private insurance) 
was associated with increased odds of major morbidity 
for all cancer types (eTable 1 in Supplement 1).

DISCUSSION

This study did not observe an association between 
neoadjuvant immunotherapy and an increased risk of 
surgical complications, including extended hospital 
length of stay, unplanned 30-day readmission, or 30-day 
mortality. This finding held true across all major cancer 
types studied, including rectal, colon, anal, esophageal, 
non-small cell lung, and oral cavity cancers. These 
results corroborate prior studies limited to single-organ 
sites from institutional case series.4 This is an important 
and increasingly relevant finding because more surgeons 
are considering operating on patients who have recently 
completed or are currently undergoing immunotherapy.

The limitations of this study included the small sample 
for anal cancer, the lack of detailed surgical complication 
information for each cancer type, and the use of NCDB 
to study surgical outcomes. Although neoadjuvant immu-
notherapy is not standard care, we focused on short-term 
surgical risks and controlled for patient and surgical fac-
tors using multivariable logistic regression, leveraging 
NCDB’s national scope to offer broader insights than 
single-center studies. Our method of applying NCDB 
outcome variables to create a major morbidity variable 
as a surgical complication proxy has been previously 
validated.3

FIG. 1   Adjusted odds ratios for 
major morbidity associated with 
neoadjuvant immunotherapy by 
cancer type. Pooled

Rectal
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This study observed no association between neoadjuvant 
immunotherapy and risk of surgical complications. As 
immunotherapy becomes more prevalent in cancer treatment, 
understanding its impact on surgical outcomes is crucial for 
optimizing patient care. Further studies with more detailed 
data on surgical complications are needed to confirm and 
expand upon our findings.
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