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Will Enhanced Recovery After Surgery Lead to Better
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Promising outcomes in cancer treatment have been achieved with
the rapid development of cancer immunotherapy. The application
of neoadjuvant therapy based on the immune-checkpoint block-
ade (ICB) and conventional chemotherapy has become a comple-
ment treatment strategy for tumor surgical resection.! In addition,
immunotherapy has emerged as adjuvant therapy for a range of
cancers.? However, many factors have been reported to influence
the efficacy of cancer immunotherapy, such as complex genetic
heterogeneity, tumor mutational load, innate or adaptive immune
resistance, and the regulatory network of the tumor microenviron-
ment (TME).? Nevertheless, in the context of surgical oncology,
the correlation between immunotherapy efficacy and peri-opera-
tive management remains unknown.

Enhanced Recovery After Surgery (ERAS), first conceptually
introduced by Henrik Kehlet in 1997, is an optimal peri-operative
management pathway centered on alleviating peri-operative stress
caused by surgery, early mobilization and restoration of the gas-
trointestinal system, and strict pain control.* The ERAS approach
has been shown to significantly decrease hospital stay length after
surgery as well as promote a quick recovery and reduce compli-
cation incidence and treatment-related costs.>® Overall, ERAS is
an integrated approach of innovative peri-operative surgical treat-
ment and technology. Intriguingly, a range of studies have veri-
fied that the application of ERAS could play a protective role in
the immune system, including inhibiting inflammatory factors”®
and regulating immune cells.’ Considering that the effect of cancer
immunotherapy, especially ICB, is dependent on reinvigoration of
the immune microenvironment in both the tumor and the whole
system, we hypothesize that the strict use of ERAS as the peri-
operative management strategy in combination with neoadjuvant
or adjuvant immunotherapy would greatly enhance the outcomes
of immunotherapy, thereby leading to a better prognosis for cancer
patients.

The relationship between ERAS and ICB efficacy is based on
the detailed intervention behaviors in the ERAS process. As men-
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tioned above, ERAS management mainly aims to inhibit surgery-
induced peri-operative stress and promote early mobilization and
rapid restoration of the digestive system and pain control. First,
surgery-related stress is alleviated by ERAS through minimally
invasive surgery and early pre-operative and intra-operative inter-
vention of surgical adverse events. Martinez et al. observed differ-
ences in the immune status of colorectal cancer patients and found
a greater pro-inflammatory response in patients who underwent
open surgery compared to those who had laparoscopic surgery,
and the recovery to baseline immune levels occurred faster in the
laparoscopic surgery group compared to the open surgery group.!?
Moreover, Okholm et al. comprehensively analyzed inflamma-
tory responses between laparoscopic and open surgery for gastric
cancer patients and found that laparoscopy-assisted gastric sur-
gery decreased the immune response compared to open surgery.!!
Thus, ERAS could help restore the normal function of the immune
system faster and avoid unnecessary activation of immune cells
caused by surgery-related stress, which is important for promoting
more efficient activation of anti-cancer immunity during ICB ther-
apy. Second, early mobilization and rapid restoration of the gastro-
intestinal system are critical for maintaining adequate nutritional
status and exercise levels for cancer patients. In 2017, Schmidt
et al. proposed that increased immunological anti-cancer activity
could be caused by exercise and physical activity due to an in-
crease in the number of anti-cancer immune cells and cytokines.!?
More recently, Santos et al. utilized a mouse model to verify that
exercise could inhibit the tumor vasculature, reprogram the TME,
and enhance the anti-cancer immunity mediated by CD8+ T cells
via CXCR3, which subsequently boosts ICB responses.!? There-
fore, promoting early mobilization and physical activity is an effi-
cient approach to reinvigorating anti-cancer immunity and enhanc-
ing ICB efficacy. It is important to note that surgical pain not only
increases physical stress, but also causes psychological abnormali-
ties such as depression and anxiety.!*!5 Thus, the psychological
status is another crucial element that affects the immune status of
cancer patients. Both stressors and depression can decrease activa-
tion of cytotoxic T-cells and natural-killer-cells, which interferes
with immune surveillance in cancer patients.!® Therefore, strict
pain control in the peri-operative phase could help improve the
phychological status of cancer patients and maintain anti-cancer
immunity, further enhancing the efficacy of ICB.

With the rapid advancement of robot-assisted surgical systems
and minimally invasive endoscopic techniques, the positive effects
of ERAS in surgical oncology could be greatly magnified. In the
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era of immunotherapy, ERAS may add new vitality to the opti-
mized application of ICB for cancer patients. We expect that in the
future, basic science experiments and clinical trials can address
this hypothesis.
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