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Editorial on the Research Topic
Surgical oncology in the elderly: the state of the art and future challenges

The number of old patients with cancer is increasing since population ageing is a
common event throughout the world. It is estimated that the number of persons aged 80
years or over increase more than threefold between 2017 and 2050, rising from 137 million
to 425 million (1). So, more elderly patients with cancer requiring a surgical evaluation are
expected in clinical practice. However, surgical oncology in the elderly presents several
problems. Undoubtedly, the decline in physiological systems and the presence of
comorbidities have an impact in the surgical management of cancer patients together
with the tolerance to oncological treatments (2). Moreover, we are lacking clear evidence-
based informations about this topic because only small subset of geriatric cancer patients
has been included into clinical trials (3).

The surgical management of elderly patients with cancer is still a challenge and
frequently troubles the surgeon. The current problem is the preoperative assessment of
elderly patients and the search for prognostic factors suggestive for frailty or other factors
influencing perioperative outcome (4). The role of age as prognostic index in old patients
undergoing surgical treatment shows contrasting results. Some studies reported age as an
independent prognostic factor for morbidity and mortality after surgery, while other
Authors have suggested that elderly patients with healthy conditions are candidate for
surgical resection with the same surgical risk of younger patients (5, 6).

Another problem is the feasibility of multimodality therapy (neoadjuvant or adjuvant
therapy) in such elderly patients. Toxicity of chemotherapy and/or radiotherapy regimens
may be increased in geriatric patients and limited physiological reserve make difficult to
complete oncological treatments (7). Finally, the role of minimally invasive surgical
resections in the elderly remains to be assessed (8).

Within this Research Topic, the manuscript by Hu et al. reports a successful
laparoscopic resection of two malignancies (left hepatectomy and total hysterectomy) in
a 75-year-old woman with intrahepatic cholangiocarcinoma and endometrial cancer,
emphasizing that laparoscopic complex operation may be offered to elderly, well-
selected patients.
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The work of Jin et al. focused on the impact of malnutrition on
outcome after major surgical procedures for cancer. The Authors
showed that Protein-Energy Malnutrition (PEM) was associated
with increased risk of mortality, major complications, higher total
cost, and longer length of stay.

The paper by Zhang et al. analyzed the local treatment of ductal
carcinoma in situ (DCIS), including breast surgery, axillary lymph
node (ALN) surgery, and radiotherapy in different subgroups of
aged patients. Associations with clinicopathological findings and
outcome after surgery were evaluated. Age and tumor size were
independent factors influencing the breast and ALN surgery.
Compared with patients aging 60-69, octogenarian patients
underwent more breast conserving surgery (BCS) and less ALN
surgery. Age was the only factor associated with the radiotherapy
decision after BCS in elderly patients with DCIS.

Gallina et al. reported their experience of robotic pulmonary
lobectomy in a population of 103 patients older than 75 years.
Thirty-five patients reported postoperative complications without
mortality. The factors that could predict the complication rate were
the predicted postoperative FEV1 and the nodal disease. The
Authors outlined that the predicted postoperative FEV1 and the
preoperative staging should be carefully evaluated in order to
improve postoperative outcome.

The value of minimally invasive surgery in elderly patients has
been reported by Capovilla et al. In two high-volume centers from
Italy and Germany, 160 patients older than 75 years underwent
open (n=102), laparoscopic (MIE; n=249) or robotic (RAMIE;
n=34) esophagectomy. Among elderly patients MIE/RAMIE were
significantly associated with a lower overall morbidity, less
pulmonary complications and a shorter hospital stay.

Xu et al. evaluated the effect of surgery for gallbladder cancer in
elderly patients (> 70 years). Patients with surgery had significantly
longer overall survival (OS) and cancer-specific survival (CSS) than
those without surgery, especially patients aged 70-84 years old. An
age >85 years was significantly associated with poor OS and CSS.

The morbidity and mortality after gastrectomy for gastric or
distal esophageal cancer in patients aged >75 years in Germany, are
presented in the work of Berlet et al. In a total of 67389
gastrectomized patients, the rate of patients aged 75 years or
older was 51.4%. The hospital mortality of elderly patients was
significantly higher, as well as the general complications and the
need for resuscitation. Systematic D2 dissection, peritonectomy and
hyperthermic intraperitoneal chemotherapy were less frequently
performed in older patients compared to the younger countpart.

The paper by Bao et al. evaluated 144 patients who underwent
surgical resection following nCRT for mid-low rectal cancer. The
correlations between BMI and radiologic fat parameters with
pathologic response and survival were investigated, without
showing any difference in terms of OS and disease -free survival.
Age did not correlate with pathologic response or survival.
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Correlation between age and postoperative outcome in
colorectal cancer patients was investigated by (Turri et al.) In a
large cohort of 1482 patients operated for colorectal cancer,
postoperative mortality was low in octogenarians (3.2%). OS
decreased with advancing age. Although the results of surgery in
elderly patients were acceptable, OS is strongly dependent on age.
Compared to younger patients, mortality in older people was
frequently due to competing causes rather than to cancer-
related managements.

In order to better identify the prognostic factors in elderly
operated for colorectal cancer, Mao and Lan performed a
systematic review and meta-analysis on the prognostic value of
the Geriatric Nutritional Risk Index (GNRI). The study included
ten reports for a total of 3802 patients. Meta-analysis showed a
significant poor overall survival (and disease-free survival) and
higher risk of complications in patients with low GNR1. When a
subgroup analysis based on age was performed, the results did
not change.

In conclusion, all contributions to this Research Topic suggest
that major cancer surgery may be safe and feasible in elderly
patients, but the risk of postoperative complications undoubtedly
exists and worries surgeons and oncologists. Despite oncological
outcome appears not influenced by patients’ age, we have few
informations about the quality of life of these patients. Future
studies are needed to identify simple indicators to stratify patients
for more precise surgical risk and formulate personalized
treatment plans.
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Case report: dual primary
malignancies treated by
laparoscopic multiorgan
resection with natural orifice
specimen extraction surgery
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Yingping Ke?, Qiuxian Xie®, Bo Liu™ and Jiajia Chen®*

‘Department of General Surgery, The Third Affiliated Hospital of Sun Yat-Sen University,
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With microtrauma becoming a consensus, in order to improve surgical treatment
capability, the clinical application of laparoscopic multiorgan resection is
becoming more and more complicated and diversified. Recently, we
successfully presented a case of transvaginal specimen extraction surgery that
included laparoscopic anatomical left hemihepatectomy combined with
laparoscopic total hysterectomy and bilateral adnexectomy and the pelvic and
para-aortic lymphadenectomy. The patient, a 75-year-old woman, was
hospitalized with abnormal vaginal discharge and bleeding. The pathologic
diagnosis of uterine curettage was endometrioid adenocarcinoma. After
completing examinations such as color Doppler ultrasound, CEUS, MRCP and
thoracoabdominal enhanced spiral CT, preoperative diagnosis was considered as
endometrial cancer and a space-occupying lesion in the liver (primary or
secondary site)?. No lymphatic or distant metastasis had been found. We also
excluded Lynch syndrome by digestive endoscopy and gene sequencing. After a
multidisciplinary consultation, the patient underwent surgery under general
anesthesia on 24 September 2021. The operation was completed uneventfully in
6 hours, then the patient was transferred to the ICU for follow-up monitoring. The
patient began to eat and was able to leave bed on the 4" postoperative day.
According to immunohistochemistry, the patient’s postoperative diagnosis was
intrahepatic cholangiocarcinoma (ICC) and endometrial cancer. Compared with
open surgery, laparoscopic multiorgan resection with natural orifice specimen
extraction surgery (NOSES) has many advantages such as fewer traumas, shorter
recovery time, and better postoperative quality of life. However, combined large-
scale laparoscopic surgeries of different organs can be challenging for surgeons
and anesthesiologists. No similar cases have been searched.

KEYWORDS

natural orifice specimen extraction surgery (NOSES), dual primary malignancies,
laparoscopic multiorgan resection, intrahepatic cholangiocarcinoma (ICC),
endometrial cancer, case report
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Introduction

Endometrial cancer is a type of endometrioid
adenocarcinoma that is common in perimenopausal women.
In developed countries, endometrial cancer is the most common
gynecologic malignancy. The main symptoms are abnormal
vaginal bleeding and discharge. Tumor metastasis includes
hematogenous dissemination, lymphatic system invasion and
direct invasion. Laparoscopic total hysterectomy and bilateral
adnexectomy combined with pelvic and para-aortic
lymphadenectomy is the standard treatment for endometrial
cancer (1).

ICC is a type of adenocarcinoma that originates in the
epithelium of secondary bile ducts and its branches. ICC
accounts for approximately 10%-15% of primary malignancies
in the liver, and the incidence rate has increased in recent years.
ICC lacks characteristic symptoms, so its early diagnosis and
long-term prognosis are poor. Radical resection is the main
treatment for ICC (2).

Although laparoscopic multiorgan resection is challenging,
it avoids from the need for repeated surgery and represents a
high-level surgical technique. Anatomical hepatectomy refers to
the precise removal of the malignancy and the hepatic segments
in which it is located anatomically. Compared with
nonanatomical hepatectomy, it has advantages in terms of the
incidence of postoperative complications and disease-free
survival (DES) (3). However, the prognosis of patients after
anatomical hepatectomy also depends on some risk factors such
as preoperative cirrhosis and tumor characteristics, so
anatomical hepatectomy should be presented as an option for
only eligible patients (4). In natural orifice specimen extraction
surgery (NOSES), the surgeon does not need to extract
specimens by enlarging the incision during laparoscopic
surgery; instead, the specimen is extracted through the rectum,
anal tube, or vagina. NOSES reduces patient pain and shortens
recovery time. Transvaginal specimen extraction surgery is
common in gynecological or colorectal surgery (5).

This case report has been reported in line with the SCARE
Criteria (6).

Case description

The patient, a 75-year-old woman who comes from
Chaozhou, Guangdong, was hospitalized in the Department of
Gynecology due to 4 months of abnormal vaginal discharge and
10 days of vaginal bleeding. The patient didn’t have any other
symptoms. Clinicians didn’t find any positive signs on physical
examination. And the patient had never received any previous
diagnostic examination or treatment. She had hypertension and
type 2 diabetes. Both blood pressure and glucose were stably
controlled by taking Amlodipine Besylate and Metformin
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hydrochloride Po Qd. The patient also denied the history of
surgery, trauma, blood transfusion, drug allergy, smoking and
drinking. Her family members were all healthy, without history
of cancer or genetic disease.

The pathologic result of diagnostic uterine curettage was
endometrioid adenocarcinoma. However, abdominal color
Doppler ultrasound revealed a low echo-level focus in segment
IV of the liver with intrahepatic cholangiectasis in the left
hepatic lobe. In addition, there were no significant
abnormalities in the biliary system, pancreas, spleen, urinary
system or double annexa.

To further determine the properties of the liver focus, we
also performed MRCP and contrast-enhanced ultrasound
(CEUS) in the liver. CEUS indicated that the low echo-level
focus was ICC. MRCP revealed a space-occupying lesion that
encroached on the hepatic portal and left lobe. To determine the
stage of the tumor, we performed thoracoabdominal enhanced
spiral CT, and the results were as follows: 1. ICC in segment IV
with intrahepatic cholangiectasis, 2. endometrial cancer, 3.
chronic inflammation and a nodule in the inferior lobe of the
left lung, 4. an increscent lymph node in the mediastinum, and 5.
no space-occupying lesions in the extrahepatic biliary system,
pancreas, spleen or urinary system.

Since the patient was thought to have two primary
malignancies and approximately 50% of women with Lynch
syndrome have clinical manifestations of endometrial cancer as
initial symptoms (7), she was transferred to the department of
general surgery for follow-up diagnosis and treatment. Then, we
performed digestive endoscopy to eliminate Lynch syndrome,
and the result was chronic superficial gastritis. The patient’s
serum ferritin was 458.70 pg/L, and her CA199 was 45.15 ku/L.
Other serum tumor markers were in the normal range.

In summary, the preoperative diagnosis comprised a space-
occupying lesion in the liver, endometrial cancer,
hysteromyoma, hypertension and type-2 diabetes. The space-
occupying lesion in the liver may be ICC, hepatocellular
carcinoma or metastatic carcinoma. We intended to confirm
the diagnosis by postoperative pathological examination. No
lymphatic or distant metastasis had been found. According to
the results of auxiliary examination, the patient’s surgeons and
gynecologists developed a protocol for transvaginal specimen
extraction surgery (NOSES): laparoscopic anatomical left
hemihepatectomy combined with laparoscopic total
hysterectomy and bilateral adnexectomy and pelvic and para-
aortic lymphadenectomy.

Due to the risk of large-scale surgery in older patients, we
performed exhaustive preoperative examinations. Fortunately,
in addition to slight hypopnea, the functions of other systems
and the vital signs were normal. The result of Holter monitor
ECG was sinus rhythm with several ventricular premature beats
and atrial premature beats. There were no significant
abnormalities on cardiac color Doppler ultrasound, spiral CT
of the coronary artery or lung function examination. After
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multidisciplinary consultation and a complete preoperative
evaluation, the surgical protocol was considered feasible.

After adequate preoperative communication and
preparation such as abrosia, enema, cross-matching blood test
and prophylactic antibiotics, the patient underwent surgery
under general anesthesia on 24 September 2021 in Chaozhou
central hospital. The chief surgeon and gynecologist were all
experienced with more than 15 years of career. The patient was
placed in the reverse Trendelenburg’s position. All the surgical
procedures were performed under laparoscopy. Thin-layer CT-
Scan and 3D digital reconstruction guided the surgeons in
identifying the anatomic structures of organs during
laparoscopic microtrauma surgery (Figure 1), thus accurately
determining the excisional range and preserving normal liver
tissue as much as possible while achieving a radical cure. With
the help of an anesthesiologist who precisely maintained a low
central venous pressure, surgeons performed laparoscopic
anatomical left hemihepatectomy with little bleeding (8).
Subsequently, gynecologists added four trocars and completed
the laparoscopic total hysterectomy and bilateral adnexectomy
and dissected the pelvic and para-aortic lymph nodes (Figure 2).
Finally, the surgeons extracted the surgical specimens
completely through the vagina, so that there were only some
small stomas in the abdominal wall and no operative incision
(Figure 3). The operation was completed uneventfully in 6 hours.
The total blood loss was estimated to be 200 ml. The abdominal
surgical dressings were dry and clean, without staxis or seepage.
The drainage tubes for the hepatorenal recess and the hepatic
incisal surface were smooth, and a dark red liquid was
discharged. The drainage tube in the pelvic cavity was also
smooth, and a reddish liquid was discharged.

After the operation, taking into account the patient’s risk
factors, such as age, extensive surgery and a long operative time,
the patient was transferred to the ICU for follow-up monitoring.
The patient received oxygen therapy, fluid replacement,
nutritional support, antibiotics, analgesia, acid inhibitor, liver
protection and eliminate sputum treatment. The postoperative
anal exsufflation time was 3 days. The patient began to eat and
was able to leave bed on the 4th postoperative day. Her P/F was
low after the surgery. Clinicians considered the cause may be old
age, a long operative time and preoperative slight hypopnea.
Therefore, the patient’s tracheal cannula was removed on the 4th
postoperative day. The results of postoperative spiral CT and
blood work showed no significant abnormalities. The recovery
was uneventful, and the patient was discharged from the hospital
on the 10th postoperative day (Figure 4).

Specimens included fragmented hepatic tissue (approximately
18 cm in diameter), gallbladder, complete uterus (approximately
87*5 cm), bilateral adnexas and lymph nodes. An incanus area
(approximately 3 cm in diameter) could be seen near the hepatic
portal of the ligament teres hepatis, with a tough texture and an
unclear boundary. The mass (approximately 4 cm in diameter) in
the uterine cavity had infiltrated the superficial muscular layer
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(depth<1/2). Neither tumor was accompanied by lymph node
metastasis or nerve and vascular encroachment. According to the
results of postoperative pathological examination and
immunohistochemistry, the patient’s postoperative diagnosis was
ICC (pT1aNOMO, stage IA) and endometrial cancer (pT1aNOMO,
stage TA). In conclusion, the patient’s long-term prognosis is good,
and the attained clinical outcomes have achieved the expectations.

Clinicians have followed up the patient since she was
discharged from the hospital. The patient’s adherence and
tolerance are good. She can cooperate with clinicians in
postoperative follow-up, and follow our advice on treatment,
lifestyle and diet. We perform abdominal spiral CT scan and
blood tests including serum tumor markers and the liver
function to the patient every 3 months. The results are
normal, and the double primary malignancies have not
recurred so far. Besides, although the patient underwent
extensive surgery, she has never suffered any postoperative

complications or adverse events.

Discussion

Old age is one of the predisposing factors for malignancy.
Radical resection is the primary treatment for most cancers, but
such surgeries are usually extensive and cause great trauma.
However, due to the aging of the body, which is prone to a
variety of underlying diseases, older patients often have less
tolerance for surgery (9). Although many of them have surgical
indications, they are unable to receive surgery because of their
poor physical condition and have to opt for nonradical therapies.
Therefore, ensuring a radical cure while minimizing trauma is
always a problem for the surgical treatment of cancers.

Recently, due to advances in minimally invasive surgical
technology and perioperative support treatment, some surgical
contraindications are no longer a problem. However, some
intractable cases, such as malignancy with distant metastasis
or multiple primary cancers in vivo, remain a major challenge
for surgeons (10). For example, a conventional laparotomy may
be accompanied by with enormous trauma and high mortality. A
series of asynchronous laparoscopic resections not only lengthen
the treatment cycle but also cause the patient to suffer
unnecessary pain, so it is not worth the risk. In contrast,
although simultaneous laparoscopic multiorgan resection is
more difficult and has a higher risk of conversion to
laparotomy, this is still the best choice if appropriate
techniques and equipment are used (11, 12).

NOSES is a new technology that supports the trend of
minimally invasive surgery. This means that surgeons do not
need to extract specimens by enlarging incisions during the
course of laparoscopic surgery. NOSES is common in
gynecological and colorectal surgery and has extensive
applications in other surgical fields (13, 14). Although there
was a case of laparoscopic hepatectomy with transvaginal
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FIGURE 1
The preoperative 3D-restruction of liver.

specimen extraction surgery in 2008 (15), no case of NOSES
combined with laparoscopic hepatectomy and total
hysterectomy and bilateral adnexectomy has been reported.
NOSES prevents postoperative and incision-related
complications, reduces postoperative pain, and achieves better
abdominal cosmetic results (16). However, all NOSES
procedures are performed under laparoscopy, and there are
potential risk factors, such as peritoneal infection and tumor

cell peritoneal seeding (17). Therefore, NOSES requires excellent
surgical techniques and a long operative time.

Multiple primary malignancies are often considered to be
caused by a hereditary neoplastic syndrome (e.g., Lynch
syndrome) (18). In addition, other risk factors (e.g., old age,
tobacco, alcohol, work environment, and genetic mutations)
can also make cancer patients susceptible to a synchronous or
metachronous second primary malignancy (19). In this case,

FIGURE 2

(A) Trocars during the operation. (B) Resect the left hepatic vein and lobe. (C) Cut off the vaginal wall and extract uterus. (D) Extract liver

specimens through the vagina.

Frontiers in Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2022.916104
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hu et al.

FIGURE 3
The patient's abdomen after dermal sutures out.

an elderly patient synchronously suffered from endometrial
cancer and ICC. Lynch syndrome was ruled out through
digestive endoscopy and gene sequencing. We found reports
of ICC (20) or endometrial cancer (18) with colorectal cancer,
but ICC with endometrial cancer has not been reported.
Although multiple primary malignancies are rare, the
prognosis is poor, and the incidence is gradually increasing

10.3389/fonc.2022.916104

(21). Therefore, timely and accurate diagnosis is essential for
the treatment and prognosis of such patients. They often
receive chemical or targeted therapy (22), but surgical
treatment has the advantage of a radical cure, so early
multiple primary malignancies should be resected via
surgery (23). In this case, we developed a complicated and
unprecedented NOSES protocol that included high-level
surgeries in different departments. In 2015, surgeons
performed combined Da Vinci robot-assisted laparoscopic
left hepatectomy and total hysterectomy in India (24). In
contrast, we creatively chose transvaginal specimen
extraction surgery to minimize trauma while ensuring a
radical cure.

Microtrauma and radical cure are the two key words for the
surgical treatment of cancers, and anatomical hepatectomy and
NOSES epitomize these two points. The challenges and benefits
of surgery should both be considered. Such complicated
surgeries can radically cure refractory malignancy and lower
the surgical threshold for older and infirm patients. For this
purpose, high-quality hospitals with skilled surgeons and
advanced equipment should enable these complicated
operations for the benefit of patients. However, such
complicated operations are inappropriate for promotion in
primary hospitals as this will increase the incidence of surgical
complications and adverse events.

In summary, the success of this case shows that the
surgical protocols for patients with refractory malignancies
should be elaborate and personalized. In cases of refractory
malignancy, surgeons should consider the difficulty and risk
of surgery, and do all they can to achieve a radical cure while
ensuring patients’ postoperative quality of life to maximize
patient benefits.

alow echo-
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FIGURE 4
Information of care organized as a timeline.

Frontiers in Oncology

12

frontiersin.org


https://doi.org/10.3389/fonc.2022.916104
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hu et al.

The patient’s perspective

I'm very grateful to Dr. Hu and his team for their loving care.
Though I had the option to receive radical surgery, cancer and
surgery both frightened me. Fortunately, the surgical protocol
designed by Dr. Hu’s team was satisfactory. It was a minimally
invasive surgery, which means they didn’t have to make a huge
incision on my abdominal wall. And I needn’t undergo a revision
surgery. So, I received surgery on 24 September 2021. It was
completed successfully. Postoperative recovery was uneventful.
No complications or cancer recurrence has occurred so far. 'm
satisfied with my postoperative quality of life.
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Background: The aim of this study is to evaluate the correlation between body
mass index (BMI) and body fat composition (measured with radiological fat
parameters (RFP)) and pathological response after neoadjuvant
chemoradiotherapy for locally advanced rectal cancer patients. The
secondary aim of the study was to assess the role of BMI and RFP on major
surgical complications, overall survival (OS), and disease-free survival (DFS).

Methods: All patients who underwent surgical resection following nCRT
between 2005 and 2017 for mid-low rectal cancer were retrospectively
collected. Visceral fat area (VFA), superficial fat area (SFA), visceral/superficial
fat area ratio (V/S), perinephric fat thickness (PNF), and waist circumference
(WC) were estimated by baseline CT scan. Predictors of pathologic response
and postoperative complications were investigated using logistic regression
analysis. The correlations between BMI and radiologic fat parameters and
survival were investigated using the Kaplan—Meier method and log-rank test.

Results: Out of 144 patients included, a complete (TRG1) and major (TRG1+2)
pathologic response was reported in 32 (22%) and 60 (45.5%) cases,
respectively. A statistically significant correlation between BMI and all the RFP
was found. At a median follow-up of 60 (35-103) months, no differences in
terms of OS and DFS were found considering BMI and radiologic fat
parameters. At univariable analysis, neither BMI nor radiologic fat parameters
were predictors of complete or major pathologic response; nevertheless, VFA,
V/S>1, and BMI were predictors of postoperative major complications.
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Conclusions: We found no associations between BMI and body fat
composition and pathological response to nCRT, although VFA, V/S, and BMI
were predictors of major complications. BMI and RFP are not related to worse
long-term OS and DFS.
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Introduction

Rectal cancer represents a major cause of morbidity and
mortality worldwide, and the actual standard of care for locally
advanced rectal cancer is total mesorectal excision (TME)
following neoadjuvant chemoradiotherapy (nCRT) (1).

A high body mass index (BMI) was associated with an
increased colorectal cancer risk (2, 3), and general and visceral
obesity were reported as risk factors for the increased incidence
of colorectal neoplasms (4). Furthermore, BMI has been linked
to a worse outcome of colorectal cancer (5-8), probably due to
the deregulation of IGFR-1 and other cytokines involved in
metabolic syndrome, which are overexpressed in obese patients
(9). IGFR-1 was correlated with a poor response after nCRT in
rectal cancer (10), and visceral obesity was associated with worse
outcomes in patients with stage IT and III colorectal cancer in
terms of surgical outcomes and recurrence (11-14).

The impact of obesity and visceral fat on response to
neoadjuvant treatment was investigated in other neoplasms, such
as breast cancer. Even with controversial results, the role of visceral
fat in the mechanism of chemosensitivity was suggested (15, 16). In
rectal cancer, obese patients were reported to have a lower rate of
complete pathologic response (pCR) and a lower rate of sphincter-
preserving procedures. However, no difference in terms of
recurrence rate was described in obese and nonobese (6).
Furthermore, Sun et al. confirmed that obese patients have a
lower pCR rate, besides BMI was associated with an adverse effect
on downstaging and tumor regression grade, and resulted as a
strong predictor for recurrence (5).

Up to 20% of rectal cancer patients showed a pCR following
nCRT, permitting also organ-sparing approaches. The
identification of predictors of pathologic response, such as
biological markers (i.e., carcinoembryonic antigen (CEA),
microsatellite instability) (17, 18), is now essential to the best
selection of patients in a rectum-sparing program. However, the
impact of obesity and body fat composition on pathologic response
has not been extensively assessed in the current literature.

The aim of this study is to evaluate the correlation between
obesity (defined using BMI) and body fat composition
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(measured with radiological fat parameters (RFP)) and
pathological response after nCRT for locally advanced rectal
cancer patients. The secondary aim of the study was to assess the
role of BMI and RFP on major surgical complications, overall
survival (OS), and disease-free survival (DFS).

Methods
Patients’ selection

All patients who underwent surgical resection following nCRT
for locally advanced rectal cancer between 2005 and 2017 were
retrospectively collected from the prospectively maintained
database of the Colorectal Surgery (General Surgery 3), University
Hospital of Padova. The study was notified and approved by the
local Ethical Committee. Inclusion criteria were histologically
confirmed mid-low rectal adenocarcinoma up to 12 cm from the
anal verge surgically treated following standard nCRT. For patients
treated with upfront or emergency surgery, or with recurrent
disease, short-course radiotherapy was excluded. The baseline
work-up included clinical history, digital rectal examination,
colonoscopy, CEA level, chest/abdomen computed tomography
(CT) scan, and pelvic magnetic resonance imaging (MRI).

Clinical and pathological TNM staging were reported
according to the American Joint Committee on Cancer
(AJCC) Eighth Edition (19). Tumor regression grade (TRG)
was assessed according to Mandard’s classification (20). pCR
was defined as no viable tumor cell found in the surgical
specimen (TRG1), while major pathologic responses as TRG1
and TRG2.

Treatment details

All the patients underwent standard nCRT with 5-FU/
capecitabine and 50.4 Gy of fractioned radiotherapy. Patients
who underwent short-course radiotherapy (5 x 5) were excluded
to eliminate a possible confounding factor. Indication for nCRT
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was discussed during the multidisciplinary meeting, according to
current guidelines (21, 22). Surgical resection was planned after a
re-evaluation during the multidisciplinary meeting. If a complete
or major clinical response was observed (23) and patients were
eligible for a rectum-sparing approach in the context of other
study protocols, currently running in our center (23-25),
patients were treated with local excision [i.e., transanal
excision, transanal endoscopic operation (TEO)]. On the
contrary, if a partial/absent response was observed, or in the
case of patients not eligible for rectum-sparing approach, a
radical resection (i.e., TME), as low anterior resection (LAR),
abdominoperineal resection (APR), or intersphinteric resection
(ISR) with coloanal anastomosis, was planned. In patients
treated by local excision, radicalization surgery (completion
TME) was recommended when one of the high-risk features
was present on the histopathological report as previously
described (25). Patients treated with a rectum-sparing
approach were followed up every 3 months according to study
protocols (23-25). In patients treated with TME, adjuvant
treatment was offered to patients with pTNM II stage with
high-risk features or pTNM III stage according to national
guidelines (22).

Obesity indexes and radiological
fat parameters

BMI was calculated at baseline assessment as the ratio
between body weight (kg)/height (m?). For each patient,
abdominal fat was calculated as previously described from the
available preoperative baseline CT scan by an expert radiologist,
who was blinded to clinical data (26) using reconstruction
software (Fujifilm Synapse 5). The following RFP were
estimated: superficial fat area (SFA), visceral fat area (VFA),
total fat area (TFA), perinephric fat (PNF), waist circumference
(WC), and visceral/superficial fat area ratio (V/S). The image
attenuation range was set between —190 and —30 Hounsfield
Unit (HU) (11). VFA and SFA were measured using a single slice
at the level of the intervertebral space between L4 and L5
(Figure 1). The area of the psoas and sacrospinal muscles were
excluded from the area since it may contain fatty tissue derived
from age-related fatty degeneration (27). TFA was calculated by
summing VFA and SFA. PNF was defined as the shortest
distance (mm) between the kidney and the abdominal wall
(28). WC was calculated at the level of the middle point
between the last rib and the iliac crest (29). V/S was calculated
as the ratio between VFA and SFA.

Statistical analysis

Continuous variables were reported as median (I-III
quartiles), while qualitative variables were reported as
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absolute numbers and percentages. Descriptive statistical
analysis was performed by dividing patients with pCR and
non-pCR, and complete/major vs partial/absent pathological
response (TRG3-5). Significant differences between the two
groups were tested by Pearson’s Chi-square for categorical
variables and the Mann-Whitney U test for continuous
variables. PNF and BMI were evaluated as both continuous
and categorical variables, using as cutoff the median value
(14.7 mm) for PNF and generally accepted cutoffs defined for
overweight (BMI>25) and obesity (BMI>30). For V/S, two
cutoffs of 0.4 and 1 were used according to the cutoffs used
in the previous literature (11, 28). The correlation between
BMI and RFP was evaluated with Spearman’s correlation
coefficient and graphically presented using a correlation plot.
Predictors of pathologic response were investigated using a
univariable logistic regression approach, and a multivariable
model was planned to investigate the independent predictors.
The Kaplan-Meier method was used to estimate the OS, DFS,
local-recurrence free survival (LRFS), and distant-recurrence
free survival (DRES). The survival curves were compared using
the log-rank test. Local recurrence (LR) was defined as any
recurrence in the pelvis, while distant recurrence (DR) was
defined as any other recurrence. The association between RFP
and OS and DFS was evaluated with univariable Cox
proportional hazard models. All statistical analyses were
performed using R software (version 4.0.3) (30), using the
RMS package (31).

FIGURE 1
Visceral (VFA), superficial fat area (SFA), and waist circumference

(WC) estimate. Superficial fat (blue), visceral fat (red), and waist
circumference are estimated by using reconstruction software
(Fujifilm Synapse 5)
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Results

Patients, tumor, and
treatment characteristics

Patients, tumor, and treatment characteristics are
summarized in Table 1. Overall, 144 patients were included
for analysis, 97 (67.4%) were men and 47 (32.6%) were women.
The median age was 66 (58-74) years, the median distance of the
tumor from the anal verge was 6.0 (4.0-9.0) cm, and the median
preoperative CEA was 2.1 (1.2-4.2) ng/ml.

The median time from the completion of nCRT and surgery
was 8.6 (7.0-11.4) weeks. After nCRT, 91 (63.2%) patients
underwent LAR, 24 (16.7%) APR, 20 (13.9%) local excision, and
nine (6.3%) ISR with coloanal anastomosis. Among TME
procedures, 106 (73.6%) patients had an open traditional
approach and 18 (12.5%) had a laparoscopic approach. Among
the 20 patients treated with local excision, only three (15%) had
negative histopathological features and required a completion TME
according to the study protocol. BMI, RFP, and postoperative
complications according to Clavien-Dindo are described in
Supplementary Table S2. Postoperative complications occurred in
55 (38.2%) patients, and in 11 (7.6%) patients requiring re-
operation (Clavien-Dindo >3a). The histopathological analysis
reported a pCR in 32 (22.2%) patients, whereas a major
pathologic response in 28 (21.2%), respectively.

Obesity and radiological fat parameters

Median BMI was 25.0 (22.7-27.0), median SFA, VFA, and TFA
were 175.5 (124.8-227.6), 140.8 (99.9-205.1), and 318 (249-430)
cm?, respectively. Median PNF was 14.7 (7.4-22.6) mm, and
median WC was 95.7 (88.4-103.8) cm. Median V/S ratio was
0.827 (0.620-1.141). The Spearman’s correlation coefficient showed
a statistically significant correlation between SFA (p = 0.63, p <
0.001), VFA (p = 0.76, p < 0.001), V/S (p = 0.17, p = 0.04), TFA (p =
0.78, p < 0.001) PNF (p = 0.55, p < 0.001), and BMI (Figure 2).

Complete and major
pathologic response

The clinicopathological characteristics of patients with a
pCR and a complete/major pathological response are
summarized in Table 2 and Supplementary Table S1. A
statistically significant difference was found between pCR and
non-pCR patients regarding preoperative CEA (p = 0.04),
distance from the anal verge (p = 0.002), and baseline cT stage
(p = 0.03). No difference between the group pCR or a major
pathological response regarding BMI, SFA, VFA, TFA, PNF,
WC, or V/S.
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Long-term outcomes and
prognostic factors

Following a median follow-up of 59 (20-104) months, 20
(14.1%) patients died and 36 (25.0%) experienced recurrence.
Five (3.4%) of these patients had LR, 27 (18.8%) had DR, and
four (2.8%) had both LR and DR. The median OS of the whole
cohort was 60.0 (34-104) months, and the median DFS was 32.0
(12.2-66.0) months. In patients with LR, the median LRFS was
18 (17-20) months, whereas the median DRFS was 15 (9-25)
months. Out of the 20 patients treated with local excision, the
median follow-up was 65.5 (48.8-110) months. Of these, one
patient suffered LR requiring salvage TME, one patient had DR,
and one patient had both LR and DR.

No differences in terms of OS, DES, LRFS, and DRFS were
found considering PNF (log-rank p = 0.89, p = 0.63, p = 0.38, and
p = 0.72, respectively) (Supplementary Figure S1), BMI>25 (log-
rank p = 0.66, p = 0.46, p = 0.48, and p = 0.51, respectively),
BMI>30 (log-rank p = 0.55, 0.82, p = 0.93, and p = 0.99,
respectively) (Supplementary Figure S2), V/S using a cutoff of
0.4 (log-rank p = 0.82, p = 0.23, p = 0.85, and p = 0.24,
respectively), and a cutoff of 1 (log-rank p = 0.58, p = 0.14, p =
0.30, and p = 0.19, respectively) (Figure 3).

Logistic regression analysis

In a univariable logistic regression (Table 3) analysis, the
baseline cT stage (OR, 4.86 (95% CI, 1.36-17.29); p = 0.04) and
distance from the anal verge (OR, 0.22 (95% CI, 0.16-0.56); p =
0.00) were found to be predictors of pCR. Sex (OR, 0.42 (95% CI,
0.20-0.85); p = 0.02) and preoperative CEA (OR, 0.275 (95% CI,
1.07-1.98); p = 0.01) were linked to a significant pathological
response. The general obesity index (BMI, WC) and abdominal
obesity (SFA, VFA, TFA, and V/S ratio) were not predictive of
PCR or major pathological response (TRG1-2).

Predictors of postoperative
complications

At logistic regression analysis, VFA (OR, 2.14 (95% CI, 1.05-
4.38)), V/S>1 (OR, 0.04 (95% CI, 0.04)), and BMI (OR, 1.71
(95% CI, 1.04-2.82)) were predictors of postoperative
major complications.

Discussion

The present study failed to demonstrate the correlation of
BMI and RFP to pathologic response after nCRT and to the
long-term outcomes in locally advanced rectal cancer patients.
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TABLE 1 Patients, tumor, and treatment characteristics.

10.3389/fonc.2022.994444

BMI < 25 BMI > 25 BMI < 30 BMI > 30 Total
N=70 %orIQR N=74 %orIQR N=128 %orIQR N=16 %or IQR N=144 % or IQR

Sex

Male 40 57 57 77 87 68 10 62 97 67.4

Female 30 43 17 23 41 32 6 38 47 32.6
Age

Median (years) 63 55-72 68 60-77 65 56-73 70 66-76 66 58-66
BMI

Median 22.6 21.2-239 26.9 26.2-29.5 24.5 22.5-26.5 32.7 31.1-36.6 25.0 22.7-27.1
PNF

<14.7 47 71 21 30 63 52 5 31 68 49.7

=>14.7 19 29 50 70 58 48 11 69 69 50.3
A2

<0.4 12 16 5 4 15 10 2 12 17 12.0

>0.4 58 84 69 96 113 90 14 88 124 88.0

<1 50 71 43 60 79 63 14 88 93 66.0

=1 19 28 29 40 46 37 2 12 48 34.0
Clinical T stage

T2 14 20 6 8 19 15 1 6 20 13.9

cT3 37 53 46 62 71 55 12 75 83 57.6

T4 19 27 22 30 38 30 3 19 41 28.5
Clinical N stage

cNO 7 10 8 11 13 10 2 12 15 10.4

cN+ 63 90 66 89 115 90 14 88 129 89.6
Surgical procedure

Low anterior resection 44 63 47 64 82 64 9 56 91 63.2

Abdominoperineal resection 11 16 13 18 20 16 4 25 24 16.7

Local excision 10 14 10 14 17 13 3 19 20 13.9

Intersphinteric resection 5 7 4 4 9 7 0 0 9 6.3
Re-operation

No 67 96 66 89 120 94 13 81 133 92.4

Yes 3 4 8 11 8 6 3 19 11 7.6
Grading

GX 6 10 8 13 12 11 2 20 14 11.2

Gl 8 13 10 16 18 16 0 0 18 14.4

G2 34 56 33 52 60 53 7 70 67 544

G3 13 21 12 19 24 21 1 10 25 20.0
Pathological T stage

ypTO 18 26 14 19 27 21 5 31 32 22.2

ypTis 3 4 1 1 3 2 1 6 4 2.8

ypT1 8 11 7 9 15 12 0 0 15 10.4

ypT2 10 14 27 36 33 26 4 25 37 25.7

ypT3 26 37 23 31 43 34 6 38 49 34.0

ypT4 5 7 2 3 7 5 0 0 7 49
Pathological N stage

ypPNX 11 16 9 12 17 13 7 44 20 139

ypNO 40 57 44 59 77 60 7 44 84 58.3

ypN1 11 16 16 22 22 17 5 31 27 18.7

ypN2 8 11 5 7 12 9 1 6 13 9.0

(Continued)
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TABLE 1 Continued

10.3389/fonc.2022.994444

BMI < 25 BMI > 25 BMI < 30 BMI > 30 Total
N=70 %orIQR N=74 %orIQR N=128 %orIQR N=16 % orIQR N=144 % or IQR
Tumor regression grade
TRGI1 20 29 15 22 29 24 6 40 35 24.2
TRG2 12 18 16 24 26 22 2 13 28 21.2
TRG3 16 24 24 36 37 31 3 20 40 30.3
TRG4 16 24 10 15 23 19 3 20 26 19.7
TRG5 4 6 2 3 5 4 1 7 6 4.5

BMI, body mass index; PNF, perinephric fat; V/S, visceral/superficial fat area ratio; TRG, tumor regression grade.

In our findings, general obesity and visceral fat did not correlate
with pathologic response, so these parameters are not to be
considered contraindications for the organ-sparing approach.
Moreover, obesity and visceral fat were confirmed to be
predictors of postoperative major complications. Obesity is
known to be associated with increased intra- and
postoperative complications, and some studies reported a
worse survival after surgery in rectal cancer patients after
nCRT (32-34). The role of obesity and abdominal fat as
prognostic factors and their impact on oncological short- and
long-term outcomes were studied with controversial results. We
found no significant association between obesity and
radiological abdominal fat parameters considered (BMI, SFA,
VFA, TFA, PNF, WC, and V/S) and the pathologic response to
nCRT. In the previous literature, a few authors investigated the
correlation between obesity or abdominal fat and oncological
outcomes in rectal cancer after nCRT (5, 6, 28, 35), whereas
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others investigated the role of obesity indexes in colon and rectal
cancer patients altogether (14, 33). Park et al. and Sun et al.
reported on two large series of rectal cancer patients and
correlated only BMI to oncological outcomes (5, 6). Park et al.
reported a lower rate of pCR and a lower rate of sphincter-saving
procedures in obese patients (patients with a BMI>30) (6).
Similarly, Sun et al. reported that obese patients had a lower
PCR rate and adverse effects on downstaging and TRG. In this
study, BMI>30 was found to be a strong predictor of recurrence,
with an increased 5-year LR rate in severely obese patients (5).
On the other hand, in both studies, OS was not affected by BMI.
However, these authors used only BMI as an obesity index,
instead of a more specific radiological index such as VFA and
VI/S.

Han et al. (36) described the association between obesity
(defined as a BMI >25) and visceral obesity (defined as a VFA
2100) and pCR in 536 rectal cancer patients after nCRT without
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FIGURE 2
Correlation plot among BMI and radiological fat parameters.
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TABLE 2 Clinicopathological characteristics of patients with a ypTO vs. ypT1/2/3/4.

Sex

Female (%)

Male (%)
BMI

Median (Iqr)
SFA

Median (Iqr)
VFA

Median (Iqr)
TFA

Median (Iqr)
PNF

Median (Iqr)
wC

Median (Iqr)
VIS

Median (Iqr)
VIS

<0.4

>04
v/S

<1

>1
CEA

Median (Iqr)
Distance a.v.

Median (Iqr)
Distance a.v.

<5cm

=5 cm
cT stage

2

3

4
cN stage

0

1
Grading

Gl

G2

G3

GX
PN stage

NO

N1

N2

NX

PNF

Frontiers in Oncology

ypTO (n = 32)

13 (41)
19 (59)

242 (22.4-26.7)
195.2 (134.9-221.5)
1326 (93.1-177.5)

336 (248-397)
12.3 (3.8-20.9)
95.3 (86.4-102.0)
0.8 (0.5-1.0)

7 (22)
25 (78)

25 (78)
7 (22)

1.5 (1.1-2.8)
7.5 (6.0-9.3)

4(12)
28 (88)

6 (19)
23 (72)
3(9)

2 (6)
30 (94)

7 (29)
8 (33)
2(8)
7 (29)

18 (56)
2 (6)
0(0)

12 (38)

ypT1/2/3/4 (n = 112)

34 (30)
78 (70)

25.1 (22.9-27.1)

167.5 (124.8-228.3)

143.1 (101.1-211.2)

313 (249-440)

15.7 (8.5-23.0)

95.9 (88.8-104.5)

0.8 (0.7-1.2)

10 (9)
99 (91)

68 (62)
41 (38)

2.3 (1.3-4.8)

5.0 (3.8-8.0)

41 (37)
71 (63)

14 (12)
60 (54)
38 (34)

13 (12)
99 (88)

11 (11)

60 (59)

23 (23)
7 (7)

66 (59)

25 (22)
13 (12)
8(7)

21

10.3389/fonc.2022.994444

Total (n = 144)

47 (33)
97(67)

25.0 (22.7-27.1)
1755 (124.8-227.6)
140.8 (99.9-205.1)

318 (249-430)
14.7 (7.4-22.6)
95.7 (88.4-103.8)
0.8 (0.6-1.1)

17 (12)
124 (88)

93 (66)
48 (34)

2.1 (1.2-42)
6.0 (4.0-9.0)

45 (31)
99 (69)

20 (14)
83 (58)
41 (28)

15 (10)
129 (90)

18 (14)
68 (54)
25 (20)
14 (11)

84 (58)
27 (19)
13 (9)
20 (14)

p-values

0.275

0.514
0.518
0.324
0.743
0.211
0.232
0.074

0.052

0.098

0.042
0.002

0.007

0.025

0.382

< 0.001

0.001

(Continued)
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TABLE 2 Continued

10.3389/fonc.2022.994444

ypTO (n = 32) ypT1/2/3/4 (n = 112) Total (n = 144) p-values

<14.7 18 (58) 51 (48) 69 (50) 0.33
>14.7 13 (42) 55 (52) 68 (50)

BMI
<25 18 (56) 55 (49) 73 (51) 0.476
>25 14 (44) 57 (51) 71 (49)

BMI
<30 27 (84) 101 (90) 128 (89) 0.357
>30 5 (16) 11 (10) 16 (11)

BMI, body mass index; SFA, superficial fat area; VFA, visceral fat area; TFA, total fat area; V/S, visceral/superficial fat area ratio; PNF, perinephric fat; WC, waist circumference; TRG, tumor

regression grade. Bold values are statistically significant values.

finding any statistical correlation between those parameters.
Similarly to our study, Lee et al. investigated the role of RFP
in 125 rectal cancer patients. They found that only V/S>1 was
related to a higher recurrence rate, and a worse DFS and OS.
However, this study did not include patients treated with nCRT
(11). AV/S cutoff of 0.4 was used by Clark et al., which found
that higher VFA, V/S, and BMI were related to a minor tumor
downstaging, a decreased DFS, and an increased recurrence rate.
Furthermore, PNF was associated with a worse OS (28).
Interestingly, patients with a V/S$>0.4 were statistically older
and affected by other comorbidities (hypertension,
hypercholesterolemia). These conditions could explain a trend

toward a worse OS. Moon et al. demonstrated that a higher V/S
was related to a lower DFES, without difference in terms of OS
(14). Finally, Goulart et al., including colon and rectal cancer
patients, reported no difference in OS and DEFS by dividing VFA
into quartiles (33).

In our study, BMI and VFA were confirmed to be associated
with postoperative complications. It is widely assumed that surgery
in obese patients is affected by increased postoperative comorbidity
due to the more difficult surgery and all the comorbidity associated
with metabolic syndrome. Similarly to our finding, Zhou et al.
reported VFA as a strong independent predictor of postoperative
complications in rectal cancer (32). However, in this study, all the
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TABLE 3 Logistic regression univariable analysis.

Pathologic complete response

OR 95% CI
Sex 1.566 0.70-3.54
Age 1.409 0.82-2.43
BMI 1.101 0.72-1.70
SFA 0.974 0.66-1.44
VFA 1.424 0.81-2.50
TFA 1.13 0.72-1.78
PNF 1.555 0.83-2.92
VIS 0.582 0.33-1.04
V/S<0.4vs. 204 0.361 0.12-1.04
ViIS<1lvs. 21 0.464 0.18-1.17
CEA<5vs. 25 0.497 0.16-1.55
Distance AV <5vs. 25 0.215 0.08-0.56
T stage 4.855 1.36-17.29
cN stage 1.970 0.42-9.22
PNF < 14.7 vs. > 14.7 1.493 0.66-3.35
BMI < 25 vs. > 25 1.332 0.60-2.94
BMI < 30 vs. > 30 0.588 0.19-1.84

10.3389/fonc.2022.994444

Pathologic major response

p-value OR 95% CI p-value
028 0418 0.20-0.85 0.02
022 1.374 0.85-2.23 02
0.63 0.867 0.61-123 043
0.9 1.020 0.73-1.42 091
022 0.892 0.57-1.38 0.61
0.6 0.967 0.67-1.40 0.86
0.17 0.680 0.41-1.14 0.14
0.07 0.765 0.49-1.20 0.24
0.06 1.978 0.71-5.54 0.19
0.1 1.497 0.73-3.05 027
023 0275 1.07-1.98 0.01
<0.01 1.909 0.97-3.76 0.06
0.04 0.717 0.33-1.55 0.56
0.39 2.151 0.72-6.40 0.17
033 0.637 0.32-1.26 0.19
048 0.837 0.43-1.62 0.6
036 1.370 0.48-3.88 055

BMI, body mass index; SFA, superficial fat area; VFA, visceral fat area; TFA, total fat area; V/S, visceral/superficial fat area ratio; PNF, perinephric fat; WC, waist circumference. Bold values

are statistically significant values.

patients treated with nCRT were excluded. Heus et al. reported VFA
and TFA in rectal cancer patients undergoing long-course nCRT.
Using a cutoff of 100 cm® for VFA, an increase in operative blood
loss and postoperative complications were reported (35). Even if the
role of postoperative complications on the long-term oncological
outcome is still debated (37), postoperative complications, as far as
worse general performance status, may result in a delay in adjuvant
therapy and in an increased rate of LR and a decreased survival
(38, 39).

The available literature on rectal cancer patients, obesity
parameters, pCR, and other oncological outcomes has given
conflicting results, mainly because in different studies, there are
different inclusion criteria, methods, and main objectives and
endpoints. With these limitations, there is no agreement on the
role of obesity and its related radiological parameters on
oncological outcomes in locally advanced rectal cancer patients
treated with nCRT and surgery. Conflicting data exist on the role
of obesity index on pathological response to nCRT, and only
BMI was considered by Sun et al. and Park et al. (the studies with
the largest number of patients included), while RFPs were not
investigated (5, 6). Unlike oncological outcomes, we can find
agreement in the literature on finding an association between
most obesity index and perioperative complications. Based on
the data available in the present study, obesity cannot basically
influence oncological decision-making, but it is a predictor of a
higher rate of surgical complications.

Our study does have some limitations. First is the small number
of enrolled patients when compared with a few similar previous
publications, even if only the study of Clark et al. has the same
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inclusion criteria and the same methods we used (28). Clark et al.
analyzed the same obesity parameters we considered in a group of
99 rectal cancer patients treated with nCRT, finding that elevated V/
S or PNF was associated with shorter DFS and OS. The
relationships between BMI, RFPs, pathologic response, and
postoperative complications were not investigated. From this
point of view, our study investigated the largest group of locally
advanced rectal cancer patients, all surgically treated after a
neoadjuvant approach, considering BMI and all the most known
RFPs, in association with pCR, OS, DFS, and perioperative
complications. Despite these considerations, the relatively small
number of patients enrolled could cover the predictive prognostic
potential of some of the parameters studied in many of the analyses
presented. For this reason, also, we did not use a multivariable
model to investigate the independent predictors of complete/major
pathologic response since none of the parameters considered
resulted as a predictor of pathologic response.

Second, its retrospective design, even if the clinical data were
prospectively maintained in our database, whereas RFP was
retrospectively collected from CT scans, and the number of
enrolled patients is smaller than in other studies. Third, we
arbitrarily used different cutoffs for the RFP considered since
there is no strong evidence, nor agreement, in the current
literature about this topic. Further studies are needed to establish
the proper cutoff of these indexes. Furthermore, we considered
altogether different surgical procedures such as TME and local
excision. Considering that the primary aim of the study is to assess a
correlation between body fat and tumor regression, we think that
patients enrolled in an organ-preservation prospective clinical study
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(ReSARCH trial) (23) with an accurate and standardized
histopathological analysis and a long-term follow-up are eligible
for the analysis, even if no pathological data are available on their
mesorectal status. Last, we are analyzing the effect of nCRT on an
Italian cohort, where the median BMI ranges between 24 and 26,
and the rate of obesity and overweight is 10% and 35%, respectively
(40). To note, this is the first study to analyzed the relationship
between obesity and oncological outcomes in a group of Italian
rectal cancer patients, whereas most of the cited studies are from the
USA or China, where the estimated rate of obesity is greater than
36% and 16%, respectively (41, 42).

Conclusions

We found no associations between BMI and RFP and
pathological response to nCRT, although VFA, V/S, and BMI
were predictors of major surgical complications. BMI and RFP
are not related to worse long-term OS and DFS.
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Background: As the world population is progressively ageing, more and more
elderly patients will require cancer surgery. Although curative surgery is the
treatment of choice for resectable colorectal cancer (CRC), it is still debated
whether elderly frail patients should undergo major cancer surgery due to the
increased risk of postoperative and long-term mortality. The aim of this
retrospective study was to evaluate the impact of age and comorbidities on
postoperative mortality/morbidity and long-term outcomes, looking for
potential age-related survival differences.

Methods: A total of 1,482 patients operated for CRC at our institution between
January 2005 and October 2020 were analysed. The independent effect of age
and comorbidities on postoperative complications was assessed by a logistic
model, while the effect on overall survival (OS) and cancer-related survival
(CRS) was estimated by a Cox regression model.

Results: The median age in the cohort was 67.8 years. Postoperative mortality
was very low in the whole cohort (0.8%) and contained even in older age
groups (3.2% in patients aged 80—-84 years, 4% in the 85-90-year age group).
The cumulative incidence of postoperative complications was doubled in
patients with comorbidities (32.8% vs. 15.1%, p = 0.002). With regard to OS,
as expected, it exponentially decreased with advancing age. Conversely,
differences in CRS were less pronounced between age groups and absent in
patients with stage 0—1 CRC. Analysis of all causes and cancer-related mortality
revealed a peak within 2 years from surgery, suggesting a prolonged impact of
surgery. In patients aged 75 years and above, all-cause mortality showed a
steep increase 1 year after surgery, while cancer-related mortality plateaued at
about 4 years after surgery. On multivariable analysis, OS, but not CRS, was
significantly influenced by age.
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Conclusions: Although acceptable results of surgery in elderly patients, OS is
strongly dependent on age: older people die more from competing causes
than cancer-related treatments compared to younger age classes. The
preoperative identification of risk factors for low OS may help the selection
of those elderly patients who would benefit from curative CRC surgery.

KEYWORDS

elderly patients, colorectal cancer surgery, survival, comorbidities, mortality

Introduction

Colorectal cancer (CRC) is one of the most common
tumours worldwide, and its incidence increases with age, with
a median age at diagnosis of 67 years (1). As the world
population is progressively ageing, more and more elderly
patients with CRC will require surgical treatment. Curative
surgery is the treatment of choice for resectable CRC, and
some current literature suggests that elderly patients have the
same oncological benefit as younger patients (2, 3). However, it
is still debated whether an invasive treatment should be
performed in elderly patients (4, 5), due to the increased risk
of postoperative complications, mortality, and difficulty to
regain independence (6, 7). Furthermore, the definition of
elderly is controversial. Even though the conventional
definition of elderly refers to a person aged 65 years or more,
frequently chronological age does not correspond to the
biological one (8, 9). In fact, older age does not always
correspond to frailty and more comorbidities. Therefore, to
assess surgical risk in elderly patients, postoperative outcomes
according to age classes were extensively investigated. Previous
studies evaluated age-related morbidity and mortality in a short-
term period, focusing on postoperative outcomes (10, 11).
Despite the demonstration of acceptable short-term results
after colorectal cancer surgery in older patients, the elderly
population represents a heterogeneous cohort and may suffer
from late complications as difficulty to thrive beyond 30 days
after surgery (12, 13). Furthermore, 30-day mortality may
underestimate surgical risk even in younger patients, as a not
negligible proportion of them die beyond this time frame (14,
15). Interestingly, Dekker et al. showed a significant excess
mortality in the first year after colorectal surgery in elderly
patients, while those who survived thereafter showed the same
cancer-related survival as younger patients (16). This excess
mortality involved especially patients with comorbidities, higher
stages of disease, emergency surgery, and postoperative
complications, reaching 15%-30% in high-risk patients (17).
Currently, the treatment of elderly patients with CRC represents
a modern challenge of personalised medicine, balancing
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undertreatment based on the sole chronological age and
overtreatment of frail patients (18-20).

The aim of this retrospective study was to evaluate the
impact of age and comorbidities on postoperative mortality/
morbidity and long-term outcomes on a large cohort of
surgically treated CRC patients, and to evaluate the
opportunity to submit elderly and frail patients to surgery.

Material and methods
Study population

The initial cohort of patients included 1,645 patients who
had surgery for CRC at the Division of General and
Hepatobiliary Surgery, University of Verona Hospital Trust,
between January 2005 and October 2020. All elective and
urgent surgeries and stage 0-IV, potentially curative (RO-1),
and palliative (R2) procedures were included. Patients below the
age of 30 and above the age of 90 were excluded, as the numbers
in those age categories were very exiguous. Patients with missing
follow-up data were also excluded. After application of inclusion
criteria, 1,482 patients were analysed (Figure 1). Patients were
classified in age classes as younger patients (<65 years) and
elderly patients (65-69, 70-74, 75-79, 80-84, 85-89 years).
Demographic, clinical, pathological, and pre- and
postoperative data were retrieved from a retrospective
database. All patients were staged with preoperative
colonoscopy, chest-abdomen-pelvis computed tomography
(CT), and carcinoembryonic antigen (CEA) measurement. The
main goal of surgery was the complete excision of the cancer to
obtain an RO resection. The extent of the resection was planned
according to cancer location, disease stage, and patient’s general
conditions. Anatomical resections with ligation of vessels at their
origin were the procedures of choice in order to achieve an
adequate lymphadenectomy. The surgical approach included
open and laparoscopic resections according to the surgeons’
preference, with laparoscopy becoming the preferred approach
after 2014. Comorbidity status was assessed using the Charlson
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Surgery for CRC
Jan 2005 — Oct 2020
(n=1645)

10.3389/fonc.2022.959650

Participants in study
n= 1510

Missing or inaccurate follow-up data
(n=135)

Cohort under study
n=1482

FIGURE 1
Flowchart depicting the selection process of patients under study.

Age Comorbidity Index (CACI) (21). Tumours were staged
according to the 8th Edition of the AJCC Cancer Staging
Manual (22). Patients with locally advanced rectal cancer
underwent long-course chemoradiotherapy or exclusive
radiotherapy according to performance status and
comorbidities. Preoperative chemotherapy was administered to
patients with stage IV CRC depending on multidisciplinary
assessment. Adjuvant chemotherapy was considered for
patients with stage III/IV disease or stage II with risk factors
after multidisciplinary discussion. Survival and follow-up data
were obtained by revising outpatient clinical records for patients
undergoing regular clinical follow-up or receiving oncological
treatment at our centre. In the case of patients attending follow-
up visits at other institutions, a member of our staff conducted a
telephone follow-up at least once a year by directly contacting
the patient or the relatives. Overall survival (OS) was defined as
the length of time between primary surgery and time of death
from any cause, whereas cancer-related survival (CRS)
considered death from cancer or cancer-related treatment (i.e.,
postoperative mortality or toxicity/adverse events after
chemotherapy) as the end point.

Statistical analyses

The primary outcome variables were postoperative mortality
and long-term OS and CRS. The main predictors considered in
the present study were age, coded as <65, 65-69, 70-74, 75-79,
80-84, and 85-89 years, stage (stage 0-1I, stage II, stage III, stage
IV), gender (male, female), comorbidities (yes, no), tumour
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location (right colon, left colon, rectum), type of surgery
(urgent, elective), neoadjuvant therapy (yes versus no),
adjuvant therapy (yes versus no), radicality of surgery (RO-1
versus R2), postoperative complications (yes, no), and number
of analysed lymph nodes (<12, 212). Significance of the
association between age class and postoperative mortality was
evaluated by Fisher’s exact test, and results are presented as n
(%). Survival curves were estimated using the Kaplan-Meier
method, and the log-rank test was used to evaluate the
significance of differences among curves. To plot the estimated
hazard function, a kernel smoother was used with a bandwidth
of 0.2 years. The independent effect of age class on overall or
cancer-related survival was evaluated by a Cox regression model,
adjusting for gender, stage, comorbidity, and neoadjuvant and
adjuvant chemotherapy. To test whether the prognostic
significance of the main risk factors changed over time, the
proportional hazards assumption of the Cox model was tested
on the basis of Schoenfeld residuals. Life expectancy was
compared between the CRC cohort and the general population
from Verona. The comparison was restricted to patients
undergoing RO-R1 surgery and to the age class 80-84 years,
where median and mean survival could be computed for the
CRC cohort. Life expectancy of the CRC cohort was
extrapolated, as some patients were still alive at the end of
follow-up, while life expectancy in the Verona general
population was yielded by the Italian National Institute of
Statistics (https://demo.istat.it/tvm2016). p-values below 0.05
were considered statistically significant. The statistical analysis
was performed using STATA software, release 17.0 (StataCorp,
College Station, TX, USA).
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Results

Cohort under study

Table 1 reports the main demographic and clinical
characteristics of the included patients. The median age in the
cohort was 67.8 years (IQR 58.8-76.9 years). The proportion of
female patients increased significantly with increasing age (p <
0.001), as well as the median CACI (p < 0.001) and the presence
of comorbidities (46.7% in patients aged below 65 years versus
77.6% in patients 85-89 years, p > 0.001). The percentage of
patients undergoing surgery for rectal cancer decreased with
increasing age (32.3% in patients aged <65 versus 10.5% in
patients aged 85-89, p < 0.001), while the predominant site in
the elderly was the right colon. Neoadjuvant treatment was more
frequently used in younger patients (23.8% in patients aged <65

TABLE 1 Characteristics of the cohort under study by age classes.

10.3389/fonc.2022.959650

versus 7.9% in patients ages 80-84, p < 0.001). Interestingly,
neoadjuvant treatment in patients aged <75 included both
preoperative chemotherapy for metastatic CRC and
neoadjuvant chemoradiotherapy for rectal cancer. On the
contrary, most of patients aged >75 received neoadjuvant
chemoradiotherapy for rectal cancer (p = 0.009).

Most patients underwent elective surgery, but the proportion
of urgent surgeries increased with increasing age (p < 0.001).
Thirty-day postoperative mortality in the whole cohort was low
and within acceptable ranges in all age groups (0.8%). Patients
aged 80 years and above presented the highest postoperative
mortality (3.2% in patients aged 80-84 years and 4% in patients
aged 85-89 years, p < 0.001). Only patients with at least one
comorbidity died in the postoperative period (12/928 = 1.3%).
Finally, postoperative complications occurred more often in
elderly patients (22.6% in patients aged below 65 versus 31.6%

Age classes P
value

<65 years 65-69 years  70-74 years  75-79 years  80-84 years  85-89 years

(n = 615) (n =242) (n =200) (n =193) (n = 156) (n =76)
Gender, female 279 (45.4%) 87 (36.0%) 69 (34.5%) 87 (45.1%) 75 (48.1%) 47 (61.8%) < 0.001
Comorbidities, yes 287 (46.7%) 158 (65.3%) 140 (7.0%) 146 (75.6%) 138 (88.5%) 59 (77.6%) <0.001
CACI, median (IQR) 4 (3-5) 5 (4-6) 6 (5-7) 6 (5-7) 7 (6-8) 7 (6-8) <0.001
CACI 25 160 (25.8%) 109 (45%) 172 (86%) 166 (86.1%) 152 (96.8%) 65 (85.5%) < 0.001
BMI, median (IQR) 24.8 (22.5-27.9) 25.5 (23.4-27.5) 25.6 (23.8-27.9) 24.9 (22.5-28.0) 26.1 (23.3-28.3) 24.2 (21.6-27.5) 0.23
Elective surgery 593 (96.4%) 231 (95.5%) 194 (97.0%) 179 (92.8%) 143 (91.7%) 65 (85.5%) < 0.001
Laparoscopic surgery 206 (33.5%) 83 (34.3%) 51 (25.5%) 47 (24.4%) 34 (21.8%) 22 (29.0%) 0.008
Postoperative mortality 0 (0.0%) 2 (0.8%) 0 (0.0%) 2 (1.0%) 5(3.2%) 3 (4.0%) < 0.001
Postoperative 139 (22.6%) 61 (25.2%) 53 (26.5%) 60 (31.1%) 54 (34.6%) 24 (31.6%) 0.008
complications
Neoadjuvant therapy, yes* 129 (23.8%) 34 (16.0%) 18 (10.0%) 19 (11.2%) 11 (7.9%) 0 (0.0%) <0.001
Neoadjuvant type
CHT 53 (41.1%) 15 (44.1%) 9 (50.0%) 5 (26.3%) 1 (9.1%) - 0.009
CRT 73 (56.6%) 17 (50.0%) 9 (50.0%) 13 (68.4%) 6 (54.5%) -
RT 3(2.3%) 2 (5.9%) 0 (0.0%) 1(5.3%) 4 (36.4%) -
Tumour location
Left colon 256 (41.6%) 95 (39.2%) 91 (45.5%) 68 (35.2%) 54 (34.6%) 27 (35.5%) < 0.001
Right colon 165 (26.8%) 84 (34.7%) 66 (33.0%) 74 (38.3%) 64 (41.0%) 41 (53.9%)
Rectum 199 (32.3%) 63 (26.0%) 43 (21.5%) 51 (26.4%) 39 (25.0%) 8 (10.5%)
Stage
0-1 197 (31.8%) 84(34.7%) 50 (25%) 50 (26%) 34 (21.8%) 11 (14.5%) < 0.001
I 127 (20.5%) 62 (25.6%) 64 (32%) 67 (35%) 55 (35.2%) 29 (38.2%)
111 151 (24.4%) 50 (20.7%) 55 (27.5%) 43 (22.4%) 42 (27%) 21 (27.6%)
v 144 (23.3%) 46 (19%) 31 (15.5%) 32 (16.6%) 25 (16%) 13 (17.1%)
Potentially curative (R0-1) 539 (87.6%) 219 (90.5%) 176 (88%) 170 (88.1%) 140 (89.7%) 63 (82.9%) 0.540
Adjuvant therapy, yes® 93 (20.2%) 27 (14.5%) 21 (13.5%) 9 (6.0%) 6 (5.1%) 2 (3.8%) < 0.001
Number of retrieved 526 (87.1%) 204 (85.7%) 158 (81.0%) 148 (79.1%) 125 (81.2%) 54 (77.1%) 0.027

lymph-nodes >12

Data are expressed as number of patients (%) or median (IQR).
CACI (Charlson-Age Comorbidity Index); BMI (body max index).
*Information available for 1,317/1,482 patients.

°Information available for 1,121/1,482 patients.

p values - 0.05 were highlighted in bold.
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in patients aged 85-89 years, p = 0.008), and its occurrence was
strictly associated with the presence of comorbidities (32.8% in
patients with comorbidities versus 15.1% in patients without
comorbidities, p = 0.002). Similarly to neoadjuvant treatment,
adjuvant therapy was most frequently adopted in younger
patients (20.2% in patients aged <65 versus 3.8% in patients
aged 85-89, p < 0.001).

There was a non-linear relationship between stage and age.
Stage 0-I and IV were more frequent in the youngest age group,
where older patients presented a higher proportion of stage II
and III CRC (p < 0.001). The radicality of surgery did not differ
significantly between age groups as demonstrated by the similar
proportions of potentially curative resections (RO-1).

Long-term outcomes

As expected, OS markedly differed among the six age classes
(Supplementary Figure 1, p <0.001) and decreased progressively
with increasing age. The difference was blunted when
considering only deaths related to cancer or cancer treatment
(Supplementary Figure 2, p < 0.001). Supplementary Tables 1-3
report OS and CRS stratified by age classes and gender, stages,
and comorbidity status. OS was significantly poorer in older
patients regardless of gender, stage, and comorbidities. With
regard to CRS, male patients showed similar survival rates in all
age classes (p = 0.198). When stratifying for stage, CRS did not
differ significantly between the six age groups in patients with
stage 0-I CRC (p = 0.072), but it was affected by age in the
elderly groups. Finally, the presence of comorbidities influenced
both OS (p < 0.001) and CRS (p = 0.012).

Age classes were then grouped into three categories to obtain
adequate precision in estimating the hazard of mortality during
follow-up: <65 years, 65-75, and 76-89 years. The smoothed hazard
of mortality from CRC and from all causes is presented in the upper
panel of Figure 2, while the lower panel shows survival curves
estimated with the Kaplan-Meier method. Interestingly, the
smoothed hazard of mortality from all causes was significantly
higher in the 76-89 age class, while the other two age groups
presented a similar hazard. The trend however was similar in all
groups, with a peak of the hazard of all-cause mortality
approximately 2 years after surgery and cancer-related mortality
within the first 18 months. Cumulative cancer-related mortality and
all-cause mortality were plotted separately for the three age groups
using the Kaplan-Meier method (Figure 3). In younger patients,
curves of cumulative all-cause mortality and cancer-related
mortality over time were rather close throughout the follow-up
time. On the contrary, the curves tended to separate already 1 year
after surgery in CRC patients aged over 75 years, due to a larger
mortality from causes other than cancer.
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Multivariable analysis

Multivariable analysis was conducted to assess the impact of
age and comorbidities on OS and CRS (Table 2). OS was
significantly influenced by age, comorbidities, stage, radicality
of surgery, occurrence of postoperative complications, number
of retrieved lymph nodes <12, and neoadjuvant treatment. On
the contrary, age and comorbidities did not prove to be
independent prognostic factors for CRS, which was only
dependant on stage and neoadjuvant therapy.

Comparison between the CRC cohort
and the general population

Life expectancy was compared between the CRC cohort,
undergoing RO-R1 surgery, and the general population from
Verona. The comparison was restricted to the age class 80-84
years, where the median and mean survival could be computed
for the CRC cohort. Patients in stage 0-I had the same life
expectancy of the Verona general population: life expectancy
was 8.74 and 9.67 years, respectively, in male and female CRC
patients, compared to 8.27 and 10.58 years in men and women
from the Verona general population. Life expectancy was
markedly reduced in stage III patients (5.3 years in men and
3.7 years in women) and furthermore in stage IV patients (2.3
and 2.2 years, respectively). Life expectancy in stage II patients
was affected by gender, as it was similar to that of the general
population in men (7.4 years) and substantially reduced in
women (5.7 years).

Discussion

The primary aim of the present study was to determine the
long-term outcomes of elderly patients undergoing CRC surgery
and to evaluate whether all age groups benefit from surgery. The
treatment of CRC in elderly patients represents a contemporary
dilemma as the world population is progressively ageing (23),
and CRC exhibits a peak incidence around seventy years in both
sexes (24).

Despite poorer OS in elderly patients, postoperative
mortality was very low in the whole cohort (0.8%), and within
acceptable ranges even in octogenarian patients (3%-4%). These
data are in line with the current literature (25-27) and suggest
that cancer surgery can be feasible with contained postoperative
mortality even in older patients. It should be noted that
postoperative mortality occurred only in patients aged 65 and
above and with concurrent comorbidities, while younger and fit
patients did not suffer any postoperative death. Prehabilitation
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as part of the Enhanced Recovery After Surgery (ERAS) protocol
could play a role in the optimization of elderly CRC patients, and
it may contribute to better surgical results (28). As previously
published by our group, ERAS protocol can be safely applied to
elderly patients undergoing laparoscopic colorectal resection
with improvements in short-term postoperative outcomes (12).

In line with previous reports, we observed a higher
proportion of advanced and early stages of CRC in younger
patients (29). Conversely, elderly patients presented more often
with stage II and stage IIT disease (p < 0.001). This finding may
be due to a surgical selection bias, since more complex and
aggressive treatments may have been offered to younger and
healthier patients, while older patients with metastatic disease
were directed towards palliative care. Similarly, less elderly
patients underwent surgery for rectal cancer compared to the
younger groups, whereas more elderly patients presented with
right colon cancer (p < 0.001). This is in line with previous
literature, which reports decreasing incidence of rectal cancer in
patients aged >65 years (30).

In our cohort, OS differed significantly between age classes,
as expected. On multivariable analysis, age remained a
statistically relevant risk factor for OS, together with stage,
presence of comorbidities, occurrence of postoperative
complications, non-curative resection, inadequate
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lymphadenectomy, and neoadjuvant treatment. On the other
hand, whereas CRS was lower in older patients (Supplementary
Figure 2), age did not prove to be an independent prognostic
factor on multivariable analysis. Interestingly, neoadjuvant
treatment emerged as an independent negative prognostic
factor for OS and CRS on multivariable analysis. This result
may be explained by the association between neoadjuvant
treatment and a more advanced disease at diagnosis (locally
advanced rectal cancer or stage IV CRC). When analysing the
trend in overall and cancer-related mortality, we observed a peak
within 2 years from surgery in all age groups and more
pronounced in elderly patients (Figure 2). These results are
only partly in line with previous literature that identified an
excess mortality at the first year after surgery (17). On the
contrary, our results suggest a prolonged impact of surgery
beyond the first year and the peak in mortality within 18 and
24 months after cancer surgery. As shown in Figure 3 with
Kaplan-Meier estimates of all-cause and cancer-related deaths,
younger patients with CRC die almost always due to cancer
progression or treatment-related complications. Conversely, the
curves for elderly patients diverge quite steeply right after the
first year, suggesting more deaths from competing causes.
Interestingly, life expectancy at 80-84 years of age was
similar between stage 0-1 CRC patients and the general
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Cumulative incidence of all-cause and cancer-related mortality, estimated by the Kaplan—Meier method.

population of Verona (8.74 vs. 8.27 years, respectively, for men,
9.67 vs. 10.58 years for women), suggesting a low impact of
surgical treatment. However, life expectancy of stage III and
stage IV CRC was markedly reduced in both sexes. These data
suggest that curative surgery can be safely performed also in
elderly patients with CRC, with important benefits on OS if they
do not die of competing causes and they present with resectable
and early-stage disease. Palliative surgery or extensive resections
for stage IV CRC, however, do not provide survival benefits.
From the results of our study and from current literature, we
could conclude that elderly CRC patients should not be
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undertreated just because of their chronological age. A careful
preoperative evaluation should select elderly fit patients for low-
risk surgery. Frail and comorbid patients should otherwise be
directed towards medical optimization and prehabilitation
before surgery (31-33). The definition of frail patient is not
unique: frailty may be defined as “a state of decreased
physiologic reserve caused by the accumulation of ageing
processes across multiple organ systems, which affects the
patient’s resistance to stressors” (34). Different tools for the
assessment of frailty have been proposed, but they are often too
time consuming to be routinely used in clinical practice (35, 36).
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TABLE 2 Multivariate analysis for overall and cancer-related survival.

Overall survival

Hazard ratio (95% CI)

10.3389/fonc.2022.959650

Cancer-related survival

Age
<65
65-69
70-74
75-79
80-84
85-89
Gender (male)
Tumour location
Left colon
Right colon
Rectum
Comorbidity (yes)
Type of surgery (urgent)
Postoperative complications (yes)
Stage
Stage 0-1
Stage 2
Stage 3
Stage 4
Potentially curative (RO-1)

1 (reference)
0.95 (0.54-1.67)
1.75 (1.06- 2.89)
2.00 (1.21-3.33)
4.39 (2.70-7.16)
4.36 (2.28-8.33)
1.03 (0.75-1.41)

1 (reference)
0.95 (0.65-1.37)
0.89 (0.52-1.51)
1.72 (1.12-2.66)
1.00 (0.46-2.03)
1.49 (1.09-2.03)

1 (reference)
2.25 (1.39-3.64)
5.09 (3.08-8.42)
8.06 (3.99-16.28)
0.29 (0.16-0.54)

Number of retrieved lymph-nodes <12 1.73 (1.34-2.64)
Neo-adjuvant therapy (yes) 2.09 (1.18-3.69)
(

Adjuvant therapy (yes) 0.69 (0.43-1.10)

p values — 0.05 were highlighted in bold.

Montroni et al. have recently proposed other more immediate
tools to identify frail patients undergoing general surgery with a
particular emphasis to assess the quality of life and the functional
recovery after cancer surgery too (37, 38). However, all these
scores focus on the identification of patients at risk for
postoperative complications and short-term mortality, while
they do not consider correlation with long-term mortality.
Further studies are required to better define who could benefit
from surgery and who should be spared because they are too frail
and at risk of early mortality.

Despite including a large number of patients with a long
follow-up time, our study presents some limitations. Due to its
retrospective nature, it was not possible to retrieve complete data
on some variables, including the administration of neoadjuvant/
adjuvant therapy and the complications related to perioperative
oncological treatment. Also, retrieval of the cause of the death
was sometimes limited by the possibility to directly contact the
patients or their relatives.

In conclusion, CRC surgery may be offered even to elderly
patients with acceptable postoperative mortality. However, it
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P value Hazard ratio (95% CI) P value
1 (reference)
0.87 0.86 (0.45-1.66) 0.66

0.03 1.54 (0.84-2.82) 0.16

0.007 1.59 (0.83-3.01) 0.16
< 0.001 1.99 (0.97-4.08) 0.06
< 0.001 1.66 (0.56-4.98) 0.36

0.83 0.96 (0.64-1.44) 0.84
1 (reference)

0.76 1.04 (0.62-1.74) 0.87

0.66 0.92 (0.47-1.79) 0.81

0.01 1.33 (0.81-2.18) 0.25

0.95 0.69 (0.21-2.32) 0.55

0.01 1.44 (0.96-2.15) 0.07
1 (reference)

0.001 2.98 (1.43-6.23) 0.004
< 0.001 9.26 (4.48-19.13) < 0.001
< 0.001 13.14 (5.28-32.69) < 0.001
< 0.001 0.25 (0.13-0.49) < 0.001

0.01 1.71 (1.00-2.92) 0.001

0.01 2.82 (1.43-5.56) 0.003

0.12 0.67 (0.39-1.15) 0.15

should be considered that there is a more pronounced increase
in 2-year all-cause mortality in elderly patients, suggesting a
prolonged impact of surgery.
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Background: We reviewed the literature to assess the prognostic ability of the
geriatric nutritional risk index (GNRI) for patients with colorectal cancer (CRC)
undergoing curative surgery.

Methods: The online databases of PubMed, CENTRAL, ScienceDirect, Embase,
and Google Scholar were searched for articles reporting the relationship
between GNRI and outcomes in CRC patients. English language studies were
searched up to 28" April 2022.

Results: Ten studies with 3802 patients were included. Meta-analysis indicated
that patients with low GNRI had significantly poor overall survival (HR: 2.41 95%
Cl: 1.72, 3.41 1% = 68%) and disease-free survival (HR: 1.92 95% Cl: 1.47, 2.49 |> =
49%) as compared to those with high GNRI. The meta-analysis also indicated a
significantly higher risk of complications with low GNRI as compared to high
GNRI (HR: 1.98 95% Cl: 1.40, 2.82 1> = 0%). The results did not change on
subgroup analysis based on study location, age group, GNRI cut-off, and
sample size.

Conclusion: Current evidence indicates that GNRI can be a valuable prognostic
indicator for CRC patients undergoing surgical intervention. Patients with low
GNRI have poor overall and disease-free survival and a higher incidence of
complications. Clinicians could use this simple indicator to stratify patients and
formulate personalized treatment plans.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,
identifier (CRD42022328374).

KEYWORDS

nutrition, prognosis, survival, complications, cancer

frontiersin.org
36


https://www.frontiersin.org/articles/10.3389/fonc.2022.1066417/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1066417/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1066417/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1066417/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1066417/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1066417/full
https://www.crd.york.ac.uk/prospero/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.1066417&domain=pdf&date_stamp=2022-11-23
mailto:sdwaters@126.com
https://doi.org/10.3389/fonc.2022.1066417
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.1066417
https://www.frontiersin.org/journals/oncology

Mao and Lan

Introduction

Cancer has become the most common cause of mortality
worldwide. Amongst the numerous subtypes, colorectal cancer
(CRC) ranks the 2" most prevalent cancer in females and 3™
most common malignancy amongst men around the globe (1).
The prevalence has been high in Asian populations but a large
number of patients are also being detected in Western regions and
developing nations (2). CRC is known to have a predilection for
the older age group as the median age of diagnosis is reported to
be 67 years (3). Western data indicate that of the approximately
140,000 confirmed cases of CRC detected in 2018, around 60%
were elderly with an age of >65 years. Furthermore, older adults
accounted for almost 70% of mortality cases in the same period
(4). Identification of modifiable risk factors for poor prognosis can
aid in appropriate treatment planning and improve the long-term
overall survival (OS) and disease-free survival (DFS) of CRC
patients. Of the numerous risk factors identified, malnutrition
has been one of the most prominent and well-defined factors
associated with poor survival after CRC (5). However, there has
been no consensus in the literature on how to measure
malnutrition to best assess the prognosis of such patients (6).
Several measurement indices like the body mass index,
bodyweight loss, serum albumin levels, psoas muscle area, mini-
nutritional assessment, prognostic nutritional index, and
controlling nutritional status score have been used to quantify
malnutrition in a cancer patient (7, 8). Since >50% of patients with
gastrointestinal (GI) cancer suffer from malnutrition, there is a
need for an easy to calculate and robust malnutrition indicator
which has a good prognostic ability (7). The Geriatric Nutritional
Risk Index (GNRI) is a simple malnutrition screening tool
estimated from serum albumin levels and ideal body weight (9).
It has been used in literature to assess the prognosis of patients
undergoing percutaneous coronary interventions, and
hemodialysis as well as for those with heart and respiratory
diseases (10-13). The tool has also received attention in the field
of oncology with several studies reporting its use for different
cancers (14-16). Recently, Xie et al (17) have reviewed the ability
of GNRI to predict the prognosis of patients with GI malignancies.
In a pooled analysis of nine studies, the authors reported that
patients with low GNRI had a significantly higher risk of
complications and poor long-term survival as compared to
those with high GNRI. An important limitation of their review
was patients with different GI cancer were pooled in a single meta-
analysis. Over the past few years, several authors (18-20) have
reported their experience with the use of GNRI for CRC patients
but there has been no consolidated review to examine the available
evidence. Given this deficiency in literature, we present the results
of the first systematic review and meta-analysis examining the
prognostic ability of GNRI for CRC patients undergoing curative
surgical resection.
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Material and methods
Search and eligibility

The review was pre-registered on PROSPERO (No
CRD42022328374). The PRISMA recommendations were used
during the reporting of the review (21). A detailed search on the
online databases of PubMed, CENTRAL, ScienceDirect, Embase,
and Google Scholar was conducted for articles reporting the
prognostic ability of GNRI for CRC patients. The search was last
done on 28" April 2022. Two reviewers were independently
involved in the search which was restricted to English-language
publications only. The search terms were; “colorectal cancer”,
“rectal cancer”, “geriatric nutritional risk index”, “prognosis”,
“nutrition”, and “survival”. The search was conducted by
combining the search terms with Boolean operators “OR” and
“AND”. Details can be found in Supplementary Table 1. The
search results combined for initial titles and abstract screening.
Only studies relevant to the review were extracted and matched
against the eligibility criteria. The entire procedure involved two
reviewers working independently.

The eligibility criteria were all types of studies reporting
the relationship between GNRI and outcomes of CRC
patients undergoing curative resections. The outcomes
were OS, DFS, and/or complications. We excluded studies
1) not reporting data for CRC patients separately 2) not on
patients undergoing surgical intervention 3) not reporting
any of the relevant outcomes 4) studies with duplicate data.
If there were two studies from the same center conducted
during the same period the article with the largest sample
was to be included.

In the final stage, the full-text articles were screened based on
the eligibility criteria, and those fulfilling the same were
included. Any differences in study selection were resolved by
discussion. Lastly, we also hand-searched the reference list of
included studies and previous reviews to look for any
missed articles.

Data management

Using an Excel spreadsheet the following data were
extracted from the included studies: Details of study authors,
publication year, study location, study type, inclusion
criteria, the cut-off for GNRI, sample size, age, gender,
carcinoembryonic antigen (CEA) levels, location of cancer
(colon or rectal), tumor invasion, presence of lymph node
metastasis, use of adjuvant therapy, follow-up and outcomes.
The outcomes assessed in the review were OS, DES, and
complications. We assessed the risk of bias using the
Newcastle-Ottawa scale (NOS) (22).
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Statistical analysis

The prognostic ability of GNRI was reported as
multivariable-adjusted hazard ratios (HR) by most studies.
These were extracted and combined in a random-effects model
to calculate the total effect size as HR with 95% confidence
intervals (CI). We assessed inter-study heterogeneity using the I*
statistic. Publication bias was examined by visual inspection of
funnel plots and a sensitivity analysis was also performed. Sub-
group analysis was carried out based on study location (Japanese
vs non-Japanese), age group included (=65 years, 275 years, and
others), GNRI cut-off (98 and others), and sample size (>300 and
<300). Results were reported in tabular format. Funnel plots,
sensitivity analysis, and subgroup analysis was not conducted for
complication rates due to limited data. For studies not reporting
outcomes as adjusted ratios, a descriptive analysis was
undertaken. The data analysis was conducted using “Review
Manager” (RevMan, version 5.3; Nordic Cochrane Centre
[Cochrane Collaboration], Copenhagen, Denmark; 2014).

FIGURE 1
Details of literature search in the PRISMA flow-chart.
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Results

The initial search resulted in 5499 articles (Figure 1). After
deduplication, 2328 articles were screened by the reviewers. 25 of
these were selected for further analysis. Finally, ten studies were
deemed eligible for inclusion in the review (18-20, 23-29).

All included studies were retrospective observational studies
conducted in Asian countries (Table 1). Most of them were
carried out in the Japanese population. One was from Taiwan
and another study was from China. The number of participants
in the studies ranged from 80 to 1206. The total pooled sample
size was 3802 patients. Most studies included all elderly patients
with CRC undergoing curative resection. However, there were
some exceptions. One study included patients only with locally
advanced rectal cancer, while another included individuals only
with stage Tis/T1 CRC undergoing endoscopic submucosal
dissection, and one study included those with CRC liver
metastasis. The percentage of male patients ranged from 44 to
79.6% in the included studies while the proportion of patients
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TABLE 1 Details of included studies.

Study Study Patients Cut-off Groups Sample Mean/ Male CEA, Location T3-T4
Location of GNRI size Median age  gender 25 (%) stage
(years) (%) (%)
Yagyu Japan Elderly patients (275 years) with 93.465 High 147 81 46.9 NR C 78.9%, R 9.5%
2022 (29) stage II CRC Low 201 83 45.8 21.1% 244
C 79.6%, R
20.4%
Hayama  Japan Elderly patients (265 years) with 101.1 High 207 NR 434 345% C19.7%, R 35.4
2022 (28) stage I-IIT CRC Low 51 44 36% 80.3% 4
C9.8%, R
90.2%
Doi 2022 Japan Patients with stage I-III CRC 98 High 190 71.4 447 32.8% NR 55.8
(27) Low 139 76.9 45.3 44.9% 77.7
Liao 2021 Taiwan Elderly patients (275 years) with 98 High 662 79.5 57.7 30.1%  C622% R 75.4
(26) stage I-III CRC Low 544 81.6 53.5 40% 37.8% 86.4
C 73.7%, R
26.3%
Kato Japan Elderly patients (275 years) with 96.3 NR 691 NR NR NR NR NR
2021 (24) Tis/T1 CRC undergoing ESD
Kataoka  Japan Elderly patients (=65 years) with 98 High 127 75.3 51.2 48.8%  C65.4%, R NR
2021 (25) CRC Low 127 74.9 52.8 48% 34.6%
C 66.1%, R
33.9%
Ide 2021  Japan Patients with locally advanced 104.25 High 55 NR 72.7 47.3% R 100% NR
(20) rectal cancer undergoing CRT Low 38 73.7 60.5% R 100%
Tang China Elderly patients (265 years) with 98 High 117 NR 54.7 37.6%  C453%, R 68.4
2020 (23) CRC Low 113 79.6 35.4% 54.7% 69
C 54.9%, R
45.1%
Sasaki Japan Elderly patients (265 years) with 98 High 176 NR 70.5 289% C77.8%, R 494
2020 (19) CRC Low 137 56.2 35.4% 33.2% 48.2
C 74.5%, R
35.5%
Iguchi Japan Patients with stage CRC and 98 High 50 624 52 NR NR 88
2020 (18) synchronous liver metastasis Low 30 65.5 60 90

*only T4 stage.
CRC, colorectal cancer; CEA, Carcinoembryonic antigen; GNRI, Geriatric Nutritional Risk Index; C, colon; R, rectal; NR, not reported; NOS, Newcastle Ottawa scale.
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with high CEA ranged from 28.9 to 48.8%. The distribution of
colon and rectal cancer varied across included studies. Details on
tumor invasion, lymph node metastasis, and the use of adjuvant
therapy were not reported by all studies. All studies had a follow-
up of more than 1 year. The NOS score ranged from 7 to 8.

Eight studies reported data on OS. Meta-analysis indicated
that patients with low GNRI had significantly poor OS as
compared to those with high GNRI (HR: 2.41 95% CI: 1.72,
3.41 I” ~ 68%) (Figure 2). The results remained the same on the
sequential exclusion of studies during the sensitivity analysis.
We did not note any publication bias on the visual inspection of
the funnel plot (Figure 3).

Data on DFS was available only from six studies. On pooled
analysis, we noted that low GNRI was a significant predictor of
poor DFS in CRC patients (HR: 1.92 95% CI: 1.47, 2.49 I* = 49%)
(Figure 4). There was no change in the significance of the results
on sensitivity analysis. There was no evidence of publication bias
noted on the funnel plot (Figure 5).

Only three studies assessed the prognostic ability of GNRI
for predicting complications. Meta-analysis indicated a
significantly higher risk of complications with low GNRI as
compared to high GNRI (HR: 1.98 95% CI: 1.40, 2.82 I* =
0%) (Figure 6).

The results of subgroup analysis for OS and DES are
reported in Table 2. We noted that subgroup analysis for the
outcome OS based on study location, GNRI cut-off, and sample
size did not change the significance of the results. However,
GNRI was not predictive of OS on a pooled analysis of two
studies including only those with >75 years of age. The results of
the outcome DFS did not change on subgroup analysis based on
study location, age group, GNRI cut-off, and sample size.

Only one study by Kataoka et al (25) did not report
outcomes as adjusted ratios and hence could not be included
in the meta-analysis. In their study, the authors used
propensity score matching to compare data of patients with
low and high GNRI (cut-off 98). Patients with low GNRI had
significantly poor OS (p=0.002), DFS (p=0.006), and a higher
rate of complications (p=0.001) as compared to those with
high GNRI.

Hazard Ratio

10.3389/fonc.2022.1066417

Discussion

Cancer patients have a high prevalence of malnutrition and
muscle wasting which is known to negatively affect survival and
increase the length of hospital stays. Indeed, the catabolic and
physiological impact of cancer cachexia escalates the nutritional
and energy requirement of the individual but it is seldom met
due to inadequate dietary intake and reduced physical activity
(5). Malnutrition is further exacerbated in GI malignancies due
to additional factors like malabsorption, obstructive syndrome,
and diarrhea (7). Research has shown that malnutrition is
unexpectedly high in patients with GI malignancies with
clinicians recognizing only 1 out of 4 patients with
malnutrition leading to inadequate pretreatment nutritional
support and poor outcomes. This illustrates the fact that
nutritional screening is of utmost importance even when the
patient shows no overt signs of malnutrition (30). One of the
limitations of various nutritional screening tools is their varying
sensitivity and specificities. Ideally, the screening tool should be
simple, brief, inexpensive, with high sensitivity and good
specificity (31).

In this context, the GNRI was developed by Bouillanne et al.
in 2005 as a simple tool to predict outcomes in elderly patients
using albumin and body weight data (9). Since then the tool has
been used to predict outcomes in a variety of patients (10-13).
Several meta-analysis studies have reported the predictability of
GNRI for various cancer subtypes. Wang et al (32) in a meta-
analysis of eight studies have shown that low GNRI is associated
with poor OS (HR: 1.99, 95% CI: 1.68-2.35) and DFS (HR = 2.34,
95% CI: 1.11-4.95) in patients with non-small cell lung cancer. In
another recent meta-analysis, Yu et al (33) compiled data from
14 studies and noted that low pretreatment GNRI predicted poor
OS (HR = 1.47, 95% CI: 1.33-1.63) and DFS (HR = 1.69, 95% CL:
1.24-2.31) in patients with esophageal cancer. Individual studies
have shown that GNRI could predict outcomes in patients with
head and neck cancer, renal cancer, pancreatic cancer, and
gastric cancer (14, 16, 34, 35). However, since each cancer
subtype is different, it is important that the predictability of
GNRI is established for CRC as well.

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Iguchi 2020 1.3151 0.496 7.9% 3.73[1.41, 9.85] 2020

Sasaki 2020 0.8875 0.2761  13.8% 2.43[1.41, 4.17] 2020 e

Tang 2020 0.6163 0.2084 16.1% 1.85[1.23,2.79] 2020 —_

Ide 2021 1.4748 0.4304 9.3%  4.37[1.88,10.16] 2021 . —
Kato 2021 1.2149 0.2222 15.7% 3.37[2.18, 5.21] 2021 —

Liao 2021 0.2844 0.132  18.7% 1.33[1.03, 1.72] 2021 ™

Doi 2022 0.6765 0.3321 12.0% 1.97 [1.03, 3.77] 2022  ——
Hayama 2022 1.4303 0.5691 6.6%  4.18 [1.37,12.75] 2022 e —
Total (95% CI) 100.0% 2.41[1.71,3.41] L 2
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Test for overall effect: Z = 5.00 (P < 0.00001)

FIGURE 2
Forest plot of the prognostic ability of GNRI for OS in CRC patients
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Funnel plot for the meta-analysis on the prognostic ability of GNRI for OS in CRC patients.

We conducted a detailed literature search to recognize ten
studies with a total of 3802 cancer patients undergoing curative
surgical resection for CRC. This provided a more homogenous
group of patients undergoing the same primary treatment unlike
the previous meta-analysis wherein patients with different GI
malignancies undergoing different treatments were included (17).
On pooled analysis, it was seen that patients with low GNRI had a
2.4 times increased risk of the poor OS as compared to those with
high GNRI. Secondly, patients with low GNRI had 1.9 times
increased risk of recurrence as compared to those with high
GNRI. We also noted that low GNRI was significantly associated
with higher rates of complications, albeit with only three studies in
the meta-analysis. On examination of all three forest plots of our
meta-analysis, it can be seen that the direction of the result was
consistent across all studies only with varying 95% CI. None of the
studies noted a non-significant association between low GNRI and
outcomes in CRC patients. There was little evidence of publication
bias and the survival results maintained their significance on
sensitivity analysis. The results were robust and thereby increase
the validity of our conclusions.

Hazard Ratio
SE_Weight IV, Random, 95% CI Year

Study or Subgroup  log[Hazard Ratio]

An important limitation of the meta-analysis was the
moderate heterogeneity in the meta-analysis of OS and DFS.
This could be due to several known and unknown variables like
sample size, study location, patient demographics, baseline stage
of CRC, treatment protocols, and cut-off used for GNRI. Based
on the availability of data we divided the studies into separate
groups based on sample size, study location, age group included,
and the cut-off for GNRI only to note no change in the
significance of the results. The exception was the outcome of
OS in the subgroup of studies including only patients aged
>75years. The overall effect size was 2.08 with a 95% CI of 0.84,
5.17. The non-significant results could be due to the small
number of studies in the analysis as the 95% CI was wide with
the lower end very close to 1 and the upper end indicating a 5
times increased risk of poor OS.

If the GNRI has to be incorporated into clinical practice, a
well-established cut-off is needed to segregate patients into low
and high GNRI groups. Most of the studies in our review as well
as in literature (15, 33) have used the cut-off of 98 for classifying
patients into those with low and high GNRI. Nevertheless, there

Hazard Ratio
IV, Random, 95% CI
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Hayama 2022 0.8372 0.3012 12.9%  2.31[1.28,4.17] 2022 —
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FIGURE 4
Forest plot of the prognostic ability of GNRI for DFS in CRC patients.
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Funnel plot for the meta-analysis on the prognostic ability of GNRI for DFS in CRC patients.

has been no consensus and other cut-offs have been used by
studies based on receiver operating curve analysis of population-
specific data. In our subgroup analysis, we noted that the results
were the same for studies using a cut-off of 98 or any other for
assessing the prognosis of CRC patients. Future studies should
focus on GNRI cut-off in different populations to arrive at a
common figure for clinical practice.

The good prognostic ability of GNRI could be due to its
combined use of two important markers of malnutrition: albumin
and body weight (9). Low serum albumin levels have been
congruous with malnutrition and hypoalbuminemia has
been associated with poor wound healing, infections, and
reduced survival in cancer patients. Serum albumin has an
immunomodulatory role with low levels leading to reduced cell-
mediated immunity against cancer cells (5). Hypoalbuminemia
causes reduced macrophage activation and granuloma formation
which may promote surgical site infections and other complications
in CRC patients (6). Hu et al (5) in a study on 30676 CRC patients
have found a statistically significant association between low
albumin levels and postoperative complications like venous
thromboembolism, surgical site infections, pneumonia, septic

Hazard Ratio

shock, prolonged ventilator use, blood transfusion, return to the
operating room, stroke, and re-intubation in CRC patients.
Secondly, the GNRI uses a ratio of current body weight to ideal
body weight as a marker of the body mass index (BMI) of the
patients. Cancer patients with low BMI are at an increased risk of
poor survival (36). Thus, it can be postulated that the combination
of albumin and body weight increases the ability of the GNRI to
predict prognosis in cancer patients.

There are several strengths to our review. It is the first meta-
analysis to aggregate evidence on the role of GNRI in predicting
outcomes in CRC patients. We attempted to include a
homogenous population of patients undergoing surgical
intervention. The validity of the results was tested by
sensitivity and different subgroup analyses.

Nevertheless, there are some limitations as well. Not all
studies provided data for all three outcomes. Hence, the number
of studies in the meta-analysis was less than 10. Secondly, not all
studies were of large sample size and this may have reduced the
power of our analysis. Thirdly, there was some heterogeneity in
the study population included in the studies. Some included only
patients with T1 stage while another included patients with liver

Hazard Ratio
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Forest plot of the prognostic ability of GNRI for complications in CRC patients.
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TABLE 2 Subgroup analysis.

Variable Groups
oS
Study location Japanese

Non-Japanese
Age group included 265 years only

>75 years only

Others
GNRI cut-off 98
Others
Sample size >300
<300
DFS
Study location Japanese

Non-Japanese
Age group included >65 years only

>75 years only

Others
GNRI cut-off 98

Others
Sample size >300

<300

Number of studies

10.3389/fonc.2022.1066417

Hazard ratio

2.98 (95%CI: 2.29, 3.89 I* = 0%)
1.51 (95%CI: 1.10, 2.07 I? = 45%)
2.17 (95%CI: 1.57, 3.00 I* = 3%)
2.08 (95%CI: 0.84, 5.17 1> = 92%)
2.93 (95%CI: 1.74, 4.93 I ~ 21%)
1.86 (95%CI: 1.37, 2.54 I* = 50%)
3.62 (95%CIL: 2.51, 5.22 T> = 0%)

2.11 (95%CI: 1.29, 3.45 I* = 79%)
2.91 (95%CI: 1.75, 4.86 1> = 42%)

BOR W W W O

2.34 (95%CI: 1.79, 3.08 I* = 0%)
1.50 (95%CI: 1.08, 2.07 I? = 49%)
1.98 (95%Cl: 1.42, 2.77 I* = 0%)
1.68 (95%CI: 1.00, 2.84 I = 81%)
2.57 (95%CI: 1.53, 4.32 I = 0%)
1.60 (95%CI: 1.16, 2.19 I? = 42%)
2.34 (95%CI: 1.75, 3.12 I* = 0%)

1.68 (95%CI: 1.00, 2.84 I = 81%)
2.14 (95%CI: 1.61, 2.83 I* = 0%)

BN W W NN NN

OS, overall survival; DFS, disease free survival; GNRI, Geriatric Nutritional Risk Index; CI, confidence intervals.

metastasis. The effect of such variation could be assessed only by
sensitivity analysis and not by subgroup analysis. Fourthly, all
studies were on Asian populations with most studies from Japan.
Thus the results cannot be generalized to other populations.

Conclusions

Current evidence indicates that GNRI can be a valuable
prognostic indicator for CRC patients undergoing surgical
intervention. Patients with low GNRI have poor OS, DFES, and
a higher incidence of complications. Clinicians could use this
simple indicator to stratify patients and formulate personalized
treatment plans. Further studies with a larger sample size are
required to validate the results in non-Asian populations and
obtain the most optimal cut-off to predict outcomes.
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Introduction: Minimally invasive surgery has become the standard for the
early-stage non-small cell lung cancer (NSCLC). The appropriateness of the
kind of lung resection for the elderly patients is still debated.

Methods: We retrospectively reviewed patients with older than 75 years who
underwent robotic lobectomy between May 2016 to June 2022. We selected
103 patients who met the inclusion criteria of the study. The preoperative
cardiorespiratory functional evaluations were collected, and the risk of
postoperative complications was calculated according to the Charlson
Comorbidity Index, the American College of Surgery surgical risk calculator
(ACS-NSQIP), EVAD score, and American Society of Anesthesiology (ASA)
score. The patients were divided in two groups according to the presence of
postoperative complications.

Results: Forty-three patients were female, and 72.8% of the total population
were former or active smokers. Thirty-five patients reported postoperative
complications. The analysis of the two groups showed that the predicted
postoperative forced expiratory volumes in the first second (FEV1) and forced
vital capacity (FVC) were significantly lower in patients presenting postoperative
complications (p=0.04). Moreover, the upstaging rate and the unexpected
nodal metastases were higher in the postoperative complication groups.

Conclusion: Robotic-assisted lobectomy for early-stage lung cancer is a safe
and feasible approach in selected elderly patients. The factors that could
predict the complication rate was the predicted postoperative FEV1 and the
nodal disease.
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Introduction

Lung cancer is the leading cause of cancer-related death
worldwide. The radical treatment of early-stage non-small cell
lung cancer (NSCLC) is lobectomy and hilum-mediastinal
lymphadenectomy (1, 2).

However, along with the improvement in life expectancy, the
incidence rate of lung cancer has gradually increased among the
elderly. Therefore, a growing number of patients present at
diagnosis in their old age, with the pick in incidence at 75
years old (3-5). Moreover, the prevalence of frailty in NSCLC is
45% with a significant impact on survival (6).

In these patients, the new diagnosis of lung cancer is added
to a significant burden of smoking-related comorbidities and
chronic diseases, which impair functional reserve and may lay
the ground for postoperative complications (7). To minimize the
perioperative risk of complications, radical treatment is often
sacrificed to reduce surgical trauma regardless of the risk of
undertreatment and of a poor oncological outcome (8, 9).

In the last decades, minimally invasive surgery became the
strategy of choice in the management of early-stage lung cancer,
improving perioperative outcomes when compared to open
surgery especially in the elderly, thus challenging the surgeon
to extend radical surgery to these patients (10, 11).

In the context of minimally invasive surgery, robotic surgery
is outgrowing thanks to its ability to enhance surgical
maneuverability and visualization (12). Nonetheless, robotic
surgery is demonstrated to improve oncological outcomes with
a complication and conversion rate comparable to video-assisted
surgery (13). However, the perioperative results of robotic-
assisted lobectomy for early-stage lung cancer in patients older
than 75 years have not been clearly assessed, and the best
treatment strategy for NSCLC affecting the elderly is often
omitted from guidelines and clinical trials leading to
management ambiguities (9).

In order to evaluate the feasibility and the perioperative
outcome of robotic lobectomy in patients with age higher than
75 years, we retrospectively analyzed our database of patients
undergoing robotic pulmonary lobectomy at our institution.
Clinical and pathological features affecting perioperative
outcomes have been also analyzed.

Materials and methods

In this single-center retrospective analysis, patients older
than 75 years underwent robotic lobectomy for NSCLC. Data for
analysis were retrieved from our lobectomy database including
patients operated on from May 2016 to June 2022. Moreover,
clinical charts, surgical reports, and outpatient’s clinic reports
were reviewed to retrieve data about perioperative clinical and
pathological characteristics and postoperative complications.
General inclusion criteria for this study were patients

Frontiers in Oncology

46

10.3389/fonc.2022.1055418

diagnosed with NSCLC at clinical stage I and II undergoing
robotic lobectomy. Patients with clinical stage III-IV were
excluded; sublobar and wedge resections were also excluded.

Preoperative assessment

In all the patients, preoperative staging was achieved
through total body computed tomography (CT) and F18-
fluorodeoxyglucose positron emission tomography (FDG-PET).
Bone scintigraphy was performed if clinically indicated. Patients
presenting with suspected hilar or mediastinal nodal metastases
underwent non-invasive eco-endoscopic biopsy. To evaluate
resectability and to assess preoperative cardiopulmonary
function, all the patients underwent spirometry, diffusion
capacity of the lung for carbon monoxide (DLCO), and arterial
blood gas analysis. Postoperative predicted (ppo) forced
expiratory volumes in the first second (FEV1), forced vital
capacity (FVC), and DLCO values were calculated according to
the anatomical techniques (14). Further or more complex
functional evaluations, including 6-min walking test and
cardiac stress tests, were performed in patients presenting with
impaired cardiopulmonary status (14). The performance status
of each patient was calculated according to the Easter
Cooperative Oncology Group (ECOG) performance status scale
(15). Overall risk of postoperative complication was calculated
according to Charlson Comorbidity Index (16), the American
College of Surgery surgical risk calculator (ACS-NSQIP), EVAD
score (17), and American Society of Anesthesiology (ASA) score
(18). Frailty of the enrolled patients was considered according to
the modified Frailty Index (19). Before the operations, all patients
had signed an informed consent to lobectomy. All patients who
underwent robotic-assisted thoracoscopic surgery (RATS)
operations were alerted about the possibility of conversion to
thoracotomy in case of unexpected technical problems. Before
the operations, all patients had a discussion in the context of a
multidisciplinary meeting with the thoracic surgeon, oncologist,
radiotherapist, and pneumologist.

Surgical technique

All the patients underwent curative intended surgery by
robotic-assisted lobectomy (using the Si da Vinci robot and the
Xi da Vinci robot). Patients were placed in the lateral decubitus
position using the single-lung ventilation with the hips fixed at the
level of the table break and flexed to achieve maximum separation
of the intercostal spaces. The Si da Vinci robot is positioned at the
head of the patient. The Xi da Vinci robot is positioned at the back
of the patient. We always proceeded performing a 3-cm utility
incision at the fifth or sixth intercostal space anteriorly of the
latissimus dorsi. The wound is usually protected with a soft tissue
retractor. Then, we performed the other three operative ports under
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direct view guidance usually at the eighth or ninth intercostal space.
We then started docking the robot. We always used a 30°
stereoscopic robotic camera. Under direct view, the bed assistant
started introducing the operative robotics arms. The lobectomy was
carried out with the usual technique. The pulmonary vein,
pulmonary artery, and lobar bronchus were individually isolated
and divided with a vascular three-line stapler. A parenchymal
stapler was also used for the division of incomplete fissures.
The lobe was retrieved with an endoscopic bag. In the clinically
negative-node octogenarian patients, systematic mediastinal
lymphadenectomy was performed according to preoperative
comorbidities, therapeutic chances, and surgical characteristics in
order to avoid major complications and reduce operative time. A
hilum-mediastinal lymph nodes sampling was carried out in all
patients. At the end of the procedure, we usually inserted one chest
tube using the camera port.

Postoperative evaluation and follow-up

The standardize postoperative management consisted of
laboratory test and chest X-ray performed at postoperative
days 1 and 5 or after removing chest drain. Pleural effusion
and air leakages were recorded daily and recorded in the clinical
chart for each patient. Chest drainages were considered for
removal when no air leakages could be detected and the
pleural effusion output was <150 ml/day. Air leakages were
considered prolonged when lasting more than 5 days (20).
Patients presenting prolonged air leakages could be discharged
with chest drainage connected to a Heimlich valve according to
the patient’s preference and familiar context. Pleural effusion
was considered persistent after 5 days of drainage output higher
than 250 ml/day or when the drainage output was the only
reason to prolong the patient in-hospital stay (21). Outpatient
follow-up was performed by thoracic surgeons after 1 month
from the operation. Standard follow-up consisted of chest X-ray,
laboratory testing, and clinical examination. Postoperative
complications were classified according to the Clavien-Dindo
classification (22).

Objectives of the study

The primary objective of the study was to report and analyze
the feasibility and the complications of robotic thoracoscopic
lobectomy for clinical early-stage lung cancer in a selected
population of elderly patients (age =75 years). The secondary
objective was to compare patients undergoing postoperative
complications with patients presenting a regular postoperative
process. The main perioperative factors that can help to predict
complications in this highly selected at-high risk population
have been analyzed.
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Statistical analysis

Statistical analysis was performed with SPSS 20 (IBM SPSS
Statistics, IBM Corporation, Chicago, IL). Descriptive statistics
was calculated and expressed as median and interquartile
range (IQR).

Patients were divided in chronological order since the
beginning of the thoracic robotic program in 2016 in three
classes of 25 patients each and a fourth class composed of 28
patients. Postoperative complications rate has been compared
among the fourth classes using % test to determine the role of
operator proficiency in the postoperative complications rate.

Intergroup analysis was performed comparing patients
undergoing postoperative complications versus patients
undergoing a regular clinical progress to analyses perioperative
factors that may influence postoperative complications rate. The
distribution of perioperative characteristics of patients in each
study group was compared by using analysis of variance for
continuous variables and Fisher exact test or y” test for
categorical variables. Perioperative characteristics presenting
statistically significant differences between the two groups (p-
value < 0.05 was considered to be statistically significant) were
included in the binary logistic regression model.

Results

Out of the 954 robotic procedures performed since the
beginning of the thoracic robotic program at our institution,
103 elderly patients undergoing robotic lobectomy for clinical
early-stage lung cancer with an age of more than 75 years old
selected. Demographic and perioperative characteristics of the
enrolled population are presented in Table 1. A fifth of the
patients were older than 80 years at surgery, and up to 70% of the
patients were active or former smokers. Of the patients with
previous oncological history, 32% had breast cancer, 19% had
gastrointestinal cancer, and 16% had urological cancer; other
previous cancers were lymphoma, laryngeal cancer, endometrial
cancer, and melanoma. None of the patients had previous
pulmonary resections, and one patient had thoracic
radiotherapy but presented at surgery with preserved
respiratory function and did not experience postoperative
complications. Comprehensively, 65% of the patients enrolled
presented at surgery with solitary pulmonary nodules, while the
other patients had pulmonary masses larger than 30 mm.
Considering pulmonary functional evaluation, spirometry and
DLCO data could be retrieved for 93 patients. Ten patients had
permanent tracheostomy due to previous laryngeal surgery;
thus, in these patients, spirometry and DLCO were not
performed. Patients presenting with ppoFEV1 or ppoDLCO
below 60% were 16 and 39, respectively, and 13 patients
presented with both ppoFEV1 and ppoDLCO below 60%. In
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TABLE 1 Demographic and perioperative characteristics of the enrolled population.

Total (103) Complication (35) Regular progress (68) p-value

Age, median (IQR) (years) 77 (76-79) 77 (76-79) 78 (76 - 79.3) 0.31
Female sex, n (%) 43 (41.7) 14 (40) 29 (42.6) 0.84
BMI (kg/mz) 26.6 (24.4 - 29) 26.6 (24.7 -28.2) 26.7 (24.3 - 29.7) 0.685
Smoking habit, n (%) 75 (72.8) 27 (77.1) 48 (70.6) 0.79
Previous cancer, n (%) 62 (60.2) 23 (65.7) 39 (57.3) 0.52
Tumor diameter (mm) 28 (18 - 35.3) 30 (19.5 - 37.5) 25 (16.3 - 35) 0.385
Diameter > 30 mm, n (%) 38 (36.9) 14 (40) 24 (35.3) 0.67
Radiological aspect, n (%) 0.74

Solid 79 (76.7) 28 (80) 51 (75)

Sub solid 12 (11.7) 3 (8.6) 9 (13.3)

GGO 8 (7.8) 2(5.7) 6 (8.8)

Cavitary 4(3.8) 2 (5.7) 2 (2.9)
Central type 18 (17.5) 8 (22.9) 10 (14.7) 0.41
Clinical stage 0.5

1A 39 (37.9) 14 (40) 25 (36.8)

1B 37 (35.8) 11 (31.4) 26 (38.2)

1A 12 (11.7) 6 (17.2) 6 (8.8)

1B 15 (14.6) 4 (11.4) 11 (16.2)
FEV1 (L/min) 2.1 (1.7 - 2.5) 2(1.6 - 2.4) 2.2 (1.8- 2.6) 0.301
%FEV1 100 (86 - 121.3) 104.5 (86 - 123.8) 93 (84 - 104) 0.192
FVC (1) 2.8 (2.2 - 3.4) 2.5 (2.3 -3.3) 2.8 (2.2 - 3.5) 0.566
%FVC 101.5 (93 - 122.5) 100 (89 - 116) 102 (93 - 124.5) 0.236
DLCO 15.9 (13.8 -19.4) 16.5 (13.7 - 19.7) 15.8 (13.8 - 19.1) 0.581
%DLCO 78 (67 - 92) 79 (66- 90) 78 (67.8 - 92) 0.936
%ppoFEV1 78.9 (65.5 - 94) 72.2 (64.1 - 89.2) 82.9 (67.8 - 98.1) 0.043

%ppoFEV1 < 60% 16 (15.5) 8 (22.9) 8 (11.8) 0.16
%ppoFVC 80.5 (72 - 92.6) 75.9 (66.3 - 88.4) 83.3 (74.8 - 96.5) 0.046

%ppoFVC < 60% 6 (5.8) 3 (8.6) 3 (44) 041
%ppoDLCO 63.2 (534 - 72) 59.7 (50.7 - 70.7) 65.2 (53.7 - 71.8) 0.449

%ppoDLCO < 60% 39 (37.9) 17 (48.6) 22 (32.4) 0.13
Upper lobectomy 53 (51.5) 19 (54.3) 34 (50) 0.84
Operative time (min) 229 (194 - 277.5) 240 (192 - 297.5) 194.5 (222.5 - 266.3) 0.517
Lymphadenectomy, n (%) 0.37

Systematic 32 (31.1) 14 (40) 18 (26.5)

Lobar specific 36 (35) 11 (31.4) 25 (36.8)

None 35 (33.9) 10 (28.6) 25 (36.8)
Histology, n (%) 0.12

Adenocarcinoma 83 (80.6) 25 (71.4) 58 (85.3)
Squamous cell carcinoma 20 (19.4) 10 (28.6) 10 (14.7)
pathologic stage, n (%) 0.26

IA 34 (33) 10 (28.6) 24 (35.3)

1B 35 (33.9) 12(34.3) 23 (33.8)

1A 11 (10.7) 3 (8.6) 8 (11.8)

1IB 18 (17.5) 6 (17.1) 12 (17.6)

IIIA 5 (4.9) 4 (11.4) 1 (1.5)
In-hospital stay (days) 7 (5-8.3) 7 (5 - 8.4) 7(5-8) 0.091

BMI, body mass index; DLCO, diffusion capacity of the lung for carbon monoxide; FEV1, forced expiratory volume in 1 min; FVC, forced vital capacity; ppo, predicted postoperative.
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these patients, 6-min walking test was performed with satisfying
results. Nearly half of the patients were ASA III, and 80% of the
patients presented an ACS NSQIP risk above average. The
results of CCI, EVAD score, and of the other risk stratification
tools are presented in Table 2.

The most frequent surgical procedure performed was left
upper lobectomy. No intraoperative complications were
recorded. At pathological examination, 80% of the patients
had adenocarcinoma, and radical resection was achieved in all
the enrolled patients. Nodal assessment, either through radical
lymphadenectomy or lobo-specific lymphadenectomy, was
performed in 52 patients. Unexpected hilar nodal metastases
were found in nine patients, while two patients had metastases in
both hilar and mediastinal lymph nodes. Upstaging due to
postoperative minor complications were recorded in 31
patients. Major complications were recorded in four patients.
Two required re-operation due to middle lobe torsion and
postoperative hemothorax, respectively. One patient developed
postoperative chronic respiratory failure requiring at-home
oxygen administration, and one developed postoperative
pleural effusion requiring thoracentesis in the outpatient clinic
(Figure 1). No 30 days mortality was observed, and all the

TABLE 2 Risk stratification based on multiple scores.

10.3389/fonc.2022.1055418

patients were in good clinical conditions at the 1-
month reassessment.

As proficiency in robotic surgery has a major impact on
robotic lobectomy perioperative outcome (23), patients have
been stratified in chronological order since the beginning of the
thoracic robotic program in three groups of 25 patients each and
a fourth group of 28 patients. As shown in Figure 2, patients in
the first two groups, operated at the beginning of the robotic
thoracic program, had a 42% complications rate, while
complications rate in the last two groups, including patients
operated later in thoracic robotic program, dropped to 26.4%.
Despite the progressive reduction in complications rate,
complications distribution in the four groups failed to achieve
a statistically significant difference (p=0.4).

Perioperative characteristics of the patients undergoing
postoperative complications or regular postoperative progress
have been compared. As showed in Figure 3, at intergroup
analysis, ppoFEV1 and ppoFVC demonstrated to be significantly
lower in patients presenting postoperative complications
(p=0.04; p=0.04). Moreover, patients in the complications
group had a higher rate of pathological upstaging (p=0.006)
and a higher rate of unexpected nodal metastases (p=0.04).

Total (103) Complication (35) Regular progress (68) p-value
ASA, n (%) 0.84
2 55 (53.4) 18 (51.4) 37 (54.4)
3 48 (46.6) 17 (48.6) 31 (45.6)
ACS-NSQIP
Any complications 14,6 (12.1 - 19.8) 14.6 (10.5 - 19.6) 14.7 (12,5 - 19.8)
Any complications > 9.6% 83 (80.6) 28 (80) 55 (80.9) 0.88
Serious complications 13.9 (10.4 - 18.2) 13.6 (9.4 - 17.7) 13.9 (10.6 - 18.6)
Serious complications > 8.3% 87 (84.5) 29 (82.9) 58 (85.3) 0.78
Charlson Comorbidity Index, n(%) 0.81
5 27 11 16
6 29 10 19
7 21 6 15
=8 26 8 18
Modified Frailty Index, n (%) 0.39
1 27 8 19
2 31 13 18
3 19 8 11
>4 26 6 20
EVAD score 0.48
3-4 33 14 19
5-6 29 9 20
7-8 19 7 12
=9 22 5 17
TcRCRI 3 1 2 1

ASA, American Society of Anesthesia; TCRCRI, Revised Cardiac Risk Index.

Frontiers in Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2022.1055418
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Gallina et al.

10.3389/fonc.2022.1055418

Middle lobetorsion
3%

FIGURE 1
Distribution of the different postoperative complications.

Haemothorax

These results remain statistically significant when only patients
undergoing radical or lobar-specific lymphadenectomy have
been included in the analysis. In this selected population, 10
out 25 patients undergoing postoperative complications
pathological upstaging compared to 6 out 43 in the regular
postoperative progress group (p=0.01) and 6 out 25 versus 2 out
43 had unexpected nodal metastases in the same groups
(p=0.04). In our analysis, upstaging was mainly related to
unexpected hilar or mediastinal nodal involvement
determining the upstage to IIB or IITA (locally advanced
stage). In nine patients, unexpected visceral pleural invasion of
peripheral nodules or radiologically undetected additional
nodules in the same lobe of the primary lesion were the
pathological upstaging determinant. As a consequence, the

complications group had a higher rate of IIIA pathological
stage when compared to the patients presenting a regular
postoperative progress (p=0.04). However, no differences in
the rates of systematic or lobar-specific lymphadenectomy
could be found in the two groups (p=0.36). Among the
analyzed perioperative characteristics, ppoFEV1, ppoFVC,
pathological upstaging, and unexpected nodal metastases have
been included in the binary logistic regression model (Table 2).
Pathological upstaging was the only parameter able to predict
postoperative complications (OR, 0.123; 95% CI, 0.21-0.720;
p=0.02). Finally, no differences could be found in age, sex,
clinical stage, tumoral diameter, NSQIP score, EVAD score,
ASA score, modified Frailty Index, CCI, FEV1, FVC, DLCO,
Pa02, ppoDLCO, operative time, histology, and in-hospital stay.
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Discussion

In this single-institution retrospective analysis, the perioperative
outcomes of robotic pulmonary lobectomy for clinical early-stage
lung cancer in patients older than 75 years were evaluated. Robotic
resection could be accomplished in all the patients. Of the 103
patients, 35 patients developed postoperative complications. Minor
complications were observed in 31 patients, requiring in-hospital
prolongation or adjunctive pharmacological treatment, while four
patients had major complications including two patients that
underwent reoperation due to postoperative hemothorax and
middle lobe torsion, respectively, one patient that required
postoperative thoracentesis, and one patient that required at-
home oxygen administration. In 65.7% of the instances,
postoperative complications were prolonged air leakages and
persistent pleural effusions. Both prolonged air leakage and
persistent pleural effusion were treated conservatively.
Pleuropulmonary infectious complications were followed with
17.1% of the complications including three patients presenting
with postoperative pneumonia and three patients presenting with
postoperative empyema. These patients were discharged with
clinical and radiological resolution of the infection after antibiotic
treatment. In patients presenting complications requiring surgical
re-intervention or thoracentesis, the postoperative progress after the
second surgical procedure was uneventful.

Surgical management of the elderly presenting with early-
stage NSCLC has been questioned, especially as both age at
diagnosis and treatment choices have radically increased
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through the last decades (8). The absence of univocal guidance
in older patients lead to a 10% rate of undertreated elderly
patients that would have benefited from an active treatment (9).
In early-stage lung cancer, curative intended surgery was limited
to nearly half of the patients aged 65-75 years, and the
percentage further decreased in older patients (24).

Minimally invasive thoracic surgery, particularly robotic
surgery, is thought to reduce surgical stress and postoperative
complications still pursuing a radical intended pulmonary
resection (12, 25). In the elderly, robotic pulmonary lobectomy
complications rate was demonstrated to be lower than that in
open surgery but similar to that in video-assisted thoracic
surgery with an overall incidence approximately 30% (10, 11).
These results are consistent with our findings demonstrating an
overall complications rate of 33.9%. Moreover, as proficiency in
robotic surgery is associated with a 15% relative reduction in 30-
day overall postoperative complications (23), we evaluated the
complications rate of the patients operated on in the last period
of our robotic thoracic program, achieving a 25%
complications rate.

Regardless of the surgeons’ proficiency, further stratification
tolls may help to further reduce perioperative risk in these patients.
For this reason, preoperative scores or functional test able to predict
complications has been an area of interest in order to reduce
surgical-related risk in patients undergoing major pulmonary
resections with pre-existing impaired cardiopulmonary function
or borderline age (14). Since 1973, FEV1 was identified to be a
predictor of pulmonary resection tolerability, and spirometry
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became the standard in the evaluation of candidates for lung
resection (26). Subsequently, it became evident that postoperative
pulmonary function may be affected by the extension of surgical
resection, and absolute preoperative FEV1 rapidly gave way to
ppoFEV1 as a predictor of postoperative pulmonary complications.
In this report, ppoFEV1 and ppoFVC distributions were
demonstrated to be significantly lower in the postoperative
complications group when compared to the regular postoperative
progress group. Conversely, no differences could be found in the
distributions of preoperative FEV1, FVC, or DLCO. The reduced
reliability of preoperative spirometric values in minimally invasive
approaches had been previously demonstrated in a retrospective
analysis comparing video-assisted thoracic surgery and open
thoracotomy (27). In contrast, ppoFEV1 correctly predicted
postoperative complication after major pulmonary resection
regardless of the surgical approach (28). According to the
American College of Chest Physician guidelines, patients with
ppoFEV1<60% should be referred for further cardiopulmonary
function test (14). However, in our analysis, there were no
differences between the two groups in the rate of patients under
the ppoFEV1 <60% cutoff. As shown in Figure 3, according to the
distributions of ppoFEV percentage values in the two groups, in this
high-risk population, a more conservative cutoff at ppoFEV1 <80%
may help to direct patients older than 75 years for further
examinations such as cardiopulmonary exercise test or low-tech
exercise test.

In the current study, both upstaging and unexpected hilar and
mediastinal nodal metastases rates were higher in the postoperative
complications group. Moreover, at binary logistic regression,
upstaging was the only predictor of postoperative complications.
Reasons underneath these results are debatable. The higher overall
and nodal upstaging rates may be the results of a higher rate of
lymphadenectomy that would subsequently explain the association
with postoperative complications. However, no differences could be
retrieved between the two groups in systematic, lobar-specific
lymphadenectomy or sampling. As a reasonable explanation,
pathological diagnosis of previously undetectable additional
nodules, pleural infiltration, or nodal metastases may denote a
more aggressive biological behavior of the disease. Therefore, the
higher tumoral burden and the neoplastic lymphatic infiltration
may impair pulmonary healing processes. Tumoral lymphatic
invasion enhances inflammatory response, increasing
microvascular permeability and eliciting pleural effusion (29).
Nonetheless, malignant invasion of the thoracic lymphatic chain
has been associated with the presence of substantial pleural effusion
(30). Moreover, tumoral metastatic pathways have been associated
with collagen deposition and pulmonary interstitial stiffness that
may entail pulmonary re-expansion and enhance prolonged air
leakages (31). Even if the reasons underlying the ability of upstaging
and nodal upstaging in postoperative prediction may be unknown,

Frontiers in Oncology

52

10.3389/fonc.2022.1055418

the elderly may benefit from a more accurate hilar and mediastinal
preoperative staging. On the basis of the increased complications
risk, preoperative finding of pathological nodal metastases may help
tailoring the best treatment strategy in this high-risk population.
Nonetheless, preoperative molecular characterization may help to
identify biological aggressive diseases that may benefit from a
multimodal therapy.

This study has some limitations: the number of enrolled
patients is limited due to the highly selective inclusion criteria;
however, the application of non-parametric test in the statistical
analysis may overcome this limit. Moreover, our findings
demonstrated to be in trend with previous analyses presenting a
similar study design in video-assisted thoracic surgery. Second, in
the text, a progressive reduction in postoperative complications over
time is shown. This can mostly result from an improvement in the
robotic technique operators’ proficiency. This progressive
improvement in patients’ perioperative outcome may have
mitigated the effects of the parameters analyzed in the paper.
However, when the comparison of complications rate in the
stratified groups has been performed, no significant differences
were retrieved, and since the beginning of our thoracic robotic
program in 2016, the inclusion criteria for robotic lobectomy were
consistent with no significant variations neither in the oncological
nor in the functional assessment. Finally, due to the retrospective
nature of the report, specific frailty evaluations or geriatric tools,
other than the modified Frailty Index, to stratify high-risk patients
could not be included in the analysis. Further studies are necessary
to evaluate the benefits of specific frailty evaluations or geriatric
tools as complementary exams to a strict pulmonary function
evaluation, including predicted postoperative values and a more
accurate preoperative staging.

Conclusion

Robotic-assisted lobectomy for early-stage lung cancer was
demonstrated to be a safe and feasible treatment strategy in
elderly patients. The analysis of the factors that can predict the
complication rate in this specific surgical populations showed
that the predicted postoperative FEV1 and the preoperative
staging have to be carefully evaluated to help reduce
postoperative complications. In the literature, there are no
specific guidelines for the preoperative staging in the elderly
population. Our results showed that the nodal disease could have
an impact on the postoperative complications regardless of the
kind of lymphadenectomy performed. Further studies should be
done to understand how the elderly patients must be stratified
preoperatively, but we believe that the risk of nodal metastasis
could be considered equally to the comorbidities.

frontiersin.org


https://doi.org/10.3389/fonc.2022.1055418
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Gallina et al.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics committee of the IRCCS Regina Elena
National Cancer Institute; Approval Code: 1465/21 Approval
Date: 23 February 2021. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

Conceptualization, FG, FF. Methodology, FG, EM, RT.
Software, DF, RT. Validation, FF, FC, FP. Formal analysis, FG,
RT, FC. Investigation, FC, PV. Resources, FF, EM, FC. Data
curation, FG, RT. Writing—original draft preparation, FG, RT,
EM, FF. Writing—review and editing, EM, FF, FC, DF.
Visualization, CC, FP. Supervision, FF, EM. Project
administration, CC, FF. Funding acquisition, FF. All authors
contributed to the article and approved the submitted version.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer ] Clin
(2015) 65:5-29. doi: 10.3322/caac.21254

2. Silvestri GA, Gonzalez AV, Jantz MA, Margolis ML, Gould MK, Tanoue LT,
et al. Methods for staging non-small cell lung cancer, 3rd ed: American college of
chest physicians evidence-based clinical practice guidelines. Chest (2013) 143
(Suppl. S5):e2115-50S. doi: 10.1378/chest.12-2355

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209-49. doi:
10.3322/caac.21660

4. Venuta F, Diso D, Onorati I, Anile M, Mantovani S, Rendina EA. Lung cancer
in elderly patients. J Thorac Dis (2016) 8(Suppl 11):5908-14. doi: 10.21037/
jtd.2016.05.20

5. de Groot PM, Wu CC, Carter BW, Munden RF. The epidemiology of lung
cancer. Transl Lung Cancer Res (2018) 7(3):220-33. doi: 10.21037/tlcr.2018.05.06

6. Komici K, Bencivenga L, Navani N, D'Agnano V, Guerra G, Bianco A, et al.
Frailty in patients with lung cancer: A systematic review and meta-analysis. Chest
(2022) 162(2):485-97. doi: 10.1016/j.chest.2022.02.027

7. Whitson BA, Groth SS, Duval SJ, Swanson SJ, Maddaus MA. Surgery for
early-stage non-small cell lung cancer: A systematic review of the video-assisted
thoracoscopic surgery versus thoracotomy approaches to lobectomy. Ann Thorac
Surg (2008) 86(6):2008-16. doi: 10.1016/j.athoracsur.2008.07.009

8. Bertolaccini L, Viti A, Terzi A. "Old people suffer the ravages of the years":
Changes of treatments in elderly patients with early stage non-small cell lung
cancer. Ann Transl Med (2015) 3(9):114. doi: 10.3978/j.issn.2305-5839.2015.06.02

9. Lindqvist J, Jekunen A, Sihvo E, Johansson M, Andersén H. Effect of adherence
to treatment guidelines on overall survival in elderly non-small-cell lung cancer
patients. Lung Cancer (2022) 171:9-17. doi: 10.1016/jlungcan.2022.07.006

10. Chen DL, Kang PM, Tao SL, Wu LC, Li QY, Tan Q. Comparative short-
term outcomes of robotic-assisted surgery for older patients with non-small cell
lung cancer: A propensity matched study. Updates Surg (2022) 74(3):1087-96. doi:
10.1007/s13304-021-00992-x

Frontiers in Oncology

53

10.3389/fonc.2022.1055418

Acknowledgments

We would like to extend our deepest gratitude to the
dedicated contributors over the years to our project. The
authors want to thank the Scientific Direction of the IRCCS
“Regina Elena” National Cancer Institute for the support to
our work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

11. Veluswamy RR, Whittaker Brown SA, Mhango G, Sigel K, Nicastri DG,
Smith CB, et al. Comparative effectiveness of robotic-assisted surgery for resectable
lung cancer in older patients. Chest (2020) 157(5):1313-21. doi: 10.1016/
j.chest.2019.09.017

12. Gallina FT, Tajé R, Forcella D, Corzani F, Cerasoli V, Visca P, et al.
Oncological outcomes of robotic lobectomy and radical lymphadenectomy for
early-stage non-small cell lung cancer. J Clin Med (2022) 11(8):2173. doi: 10.3390/
jem11082173

13. Gallina FT, Melis E, Forcella D, Mercadante E, Marinelli D, Ceddia S, et al.
Nodal upstaging evaluation after robotic-assisted lobectomy for early-stage non-
small cell lung cancer compared to video-assisted thoracic surgery and
thoracotomy: A retrospective single center analysis. Front Surg (2021) 8:666158.
doi: 10.3389/fsurg.2021.666158

14. Brunelli A, Kim AW, Berger KI, Addrizzo-Harris DJ. Physiologic evaluation
of the patient with lung cancer being considered for resectional surgery: Diagnosis
and management of lung cancer, 3rd ed: American college of chest physicians
evidence-based clinical practice guidelines. Chest (2013) 143(5 Suppl):e1665-90S.
doi: 10.1378/chest.12-2395

15. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET,
et al. Toxicity and response criteria of the Eastern cooperative oncology group. Am
] Clin Oncol (1982) 5(6):649-55. doi: 10.1097/00000421-198212000-00014

16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: Development and
validation. J Chronic Dis (1987) 40(5):373-83. doi: 10.1016/0021-9681(87)90171-8

17. Ferguson MK, Durkin AE. A comparison of three scoring systems for
predicting complications after major lung resection. Eur ] Cardiothorac Surg (2003)
23(1):35-42. doi: 10.1016/S1010-7940(02)00675-9

18. Saklad M. Grading of patients for surgical procedures. Anesthesiology (1941)
2:281-4. doi: 10.1097/00000542-194105000-00004

19. Subramaniam S, Aalberg JJ, Soriano RP, Divino CM. New 5-factor modified
frailty index using American college of surgeons NSQIP data. ] Am Coll Surg (2018)
226(2):173-81. doi: 10.1016/j.jamcollsurg.2017.11.005

frontiersin.org


https://doi.org/10.3322/caac.21254
https://doi.org/10.1378/chest.12-2355
https://doi.org/10.3322/caac.21660
https://doi.org/10.21037/jtd.2016.05.20
https://doi.org/10.21037/jtd.2016.05.20
https://doi.org/10.21037/tlcr.2018.05.06
https://doi.org/10.1016/j.chest.2022.02.027
https://doi.org/10.1016/j.athoracsur.2008.07.009
https://doi.org/10.3978/j.issn.2305-5839.2015.06.02
https://doi.org/10.1016/j.lungcan.2022.07.006
https://doi.org/10.1007/s13304-021-00992-x
https://doi.org/10.1016/j.chest.2019.09.017
https://doi.org/10.1016/j.chest.2019.09.017
https://doi.org/10.3390/jcm11082173
https://doi.org/10.3390/jcm11082173
https://doi.org/10.3389/fsurg.2021.666158
https://doi.org/10.1378/chest.12-2395
https://doi.org/10.1097/00000421-198212000-00014
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/S1010-7940(02)00675-9
https://doi.org/10.1097/00000542-194105000-00004
https://doi.org/10.1016/j.jamcollsurg.2017.11.005
https://doi.org/10.3389/fonc.2022.1055418
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Gallina et al.

20. Brunelli A, Cassivi SD, Halgren L. Risk factors for prolonged air leak after
pulmonary resection. Thorac Surg Clin (2010) 20(3):359-64. doi: 10.1016/
j.thorsurg.2010.03.002

21. Cerfolio RJ, Bryant AS. Results of a prospective algorithm to remove chest
tubes after pulmonary resection with high output. J Thorac Cardiovasc Surg (2008)
135(2):269-73. doi: 10.1016/j.jtcvs.2007.08.066

22. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: A
new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann
Surg (2004) 240(2):205-13. doi: 10.1097/01.51a.0000133083.54934.ae

23. Reddy RM, Gorrepati ML, Oh DS, Mehendale S, Reed MF. Robotic-assisted
versus thoracoscopic lobectomy outcomes from high-volume thoracic surgeons.
Ann Thorac Surg (2018) 106(3):902-8. doi: 10.1016/j.athoracsur.2018.03.048

24. Wang S, Wong ML, Hamilton N, Davoren JB, Jahan TM, Walter LC. Impact
of age and comorbidity on non-small-cell lung cancer treatment in older veterans. J
Clin Oncol (2012) 30(13):1447-55. doi: 10.1200/JCO.2011.39.5269

25. Nelson DB, Mehran R], Mitchell KG, Rajaram R, Correa AM, Bassett RLJr,
et al. Robotic-assisted lobectomy for non-small cell lung cancer: A comprehensive
institutional experience. Ann Thorac Surg (2019) 108(2):370-6. doi: 10.1016/
j-athoracsur.2019.03.051

Frontiers in Oncology

54

10.3389/fonc.2022.1055418

26. Lockwood P. Lung function test results and the risk of post-thoracotomy
complications. Respiration (1973) 30(6):529-42. doi: 10.1159/000193062

27. Brunelli A, Monteverde M, Salati M, Borri A, Al Refai M, Fianchini A.
Stair-climbing test to evaluate maximum aerobic capacity early after lung
resection. Ann Thorac Surg (2001) 72(5):1705-10. doi: 10.1016/S0003-4975
(01)03100-9

28. Epstein SK, Faling L], Daly BD, Celli BR. Predicting complications after
pulmonary resection. preoperative exercise testing vs a multifactorial
cardiopulmonary risk index. Chest (1993) 104(3):694-700. doi: 10.1378/
chest.104.3.694

29. Ferrara N. Molecular and biological properties of vascular endothelial
growth factor. ] Mol Med (Berl) (1999) 77(7):527-43. doi: 10.1007/s00109
9900019

30. Chernow B, Sahn SA. Carcinomatous involvement of the pleura: an analysis of
96 patients. Am ] Med (1977) 63(5):695-702. doi: 10.1016/0002-9343(77)90154-1

31. Navab R, Strumpf D, To C, Pasko E, Kim KS, Park CJ, et al. Integrin ot11B1
regulates cancer stromal stiffness and promotes tumorigenicity and metastasis in
non-small cell lung cancer. Oncogene (2016) 35(15):1899-908. doi: 10.1038/
onc.2015.254

frontiersin.org


https://doi.org/10.1016/j.thorsurg.2010.03.002
https://doi.org/10.1016/j.thorsurg.2010.03.002
https://doi.org/10.1016/j.jtcvs.2007.08.066
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.athoracsur.2018.03.048
https://doi.org/10.1200/JCO.2011.39.5269
https://doi.org/10.1016/j.athoracsur.2019.03.051
https://doi.org/10.1016/j.athoracsur.2019.03.051
https://doi.org/10.1159/000193062
https://doi.org/10.1016/S0003-4975(01)03100-9
https://doi.org/10.1016/S0003-4975(01)03100-9
https://doi.org/10.1378/chest.104.3.694
https://doi.org/10.1378/chest.104.3.694
https://doi.org/10.1007/s001099900019
https://doi.org/10.1007/s001099900019
https://doi.org/10.1016/0002-9343(77)90154-1
https://doi.org/10.1038/onc.2015.254
https://doi.org/10.1038/onc.2015.254
https://doi.org/10.3389/fonc.2022.1055418
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

1' frontiers ‘ Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

Felix Berlth,
Johannes Gutenberg University Mainz,
Germany

Gianni Mura,

Ospedale del Valdarno, Italy

Ugo Elmore,

San Raffaele Hospital (IRCCS), Italy

Daniel Reim
daniel.reim@tum.de;
www.chir.med.tum.de

This article was submitted to
Surgical Oncology,

a section of the journal
Frontiers in Oncology

30 August 2022
31 October 2022
30 November 2022

Berlet M, Weber M-C, Neumann P-A,
Friess H and Reim D (2022)
Gastrectomy for cancer beyond life
expectancy. A comprehensive analysis
of oncological gastric surgery in
Germany between 2008 and 2018.
Front. Oncol. 12:1032443.

doi: 10.3389/fonc.2022.1032443

© 2022 Berlet, Weber, Neumann, Friess
and Reim. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Oncology

Original Research
30 November 2022
10.3389/fonc.2022.1032443

Gastrectomy for cancer beyond
life expectancy. A comprehensive
analysis of oncological gastric
surgery in Germany between
2008 and 2018

Maximilian Berlet, Marie-Christin Weber,
Philipp-Alexander Neumann, Helmut Friess and Daniel Reim*

Department of Surgery, Klinikum rechts der Isar, Technical University of Munich, Munich, Germany

Introduction: Major gastric surgery for distal esophageal and gastric cancer has
a strong impact on the quality of life, morbidity, and mortality. Especially in
elderly patients reaching their life expectancy, the responsible use and extent of
gastrectomy are imperative to achieve a balance between harm and benefit. In
the present study, the reimbursement database (German Diagnosis Related
Groups (G-DRG) database) of the Statistical Office of the Federal Republic of
Germany was queried to evaluate the morbidity and mortality of patients aged
above or below 75 years following gastrectomy.

Material and methods: All patients in Germany undergoing subtotal
gastrectomy (ST), total gastrectomy (T), or gastrectomy combined with
esophagectomy (TE) for gastric or distal esophageal cancer (International
Statistical Classification of Diseases and Related Health Problems Version 10
(ICD-10) C15.2, C15.5, and C16.0-C16.9) between 2008 and 2018 were
included. Intraoperative and postoperative complications as well as
comorbidities, in-hospital mortality, and the extent of surgery were assessed
by evaluating ICD-10 and operation and procedure key (Operationen- und
Prozedurenschlussel) codes.

Results: A total of 67,389 patients underwent oncologic gastric resection in
Germany between 2008 and 2018. In total, 21,794 patients received ST, 41,825
received T, and 3,466 received TE, respectively. In 304 cases, the combinations
of these, in fact, mutually exclusive procedures were encoded. The proportion of
patients aged 75 years or older was 51.4% (n = 11,207) for ST, 32.6% (n = 13,617)
for T, and 28.1% (n = 973) for TE. The in-hospital mortality of elderly patients was
significantly increased in all three groups. (p < 0.0001) General complications
such as respiratory failure (p = 0.0054), acute renal failure (p < 0.0001), acute
myocardial failure (p < 0.0001), and the need for resuscitation (ST/T: p < 0.0001/
TE: p = 0.0218) were significantly increased after any kind of gastrectomy.
Roux-en Y was the most commonly applied reconstruction technique in both
young and elderly patients. Regarding lymphadenectomy, systematic D2
dissection was performed less frequently in older patients than in the younger
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collective in the case of ST and T as well as D3 dissection. Peritonectomy and
hyperthermic intraperitoneal chemotherapy were uncommon in elderly patients
alongside ST and T compared to younger patients (p < 0.0001).

Conclusion: The clinical outcome of major oncological gastric surgery is highly
dependent on a patient’s age. The elderly show a tremendously increased
likelihood of in-hospital mortality and morbidity.

KEYWORDS

elderly patients, gastrectomy, gastric cancer, esophageal cancer, clinical outcome,

comorbidity, mortality

Introduction

Oncologic resection for gastric cancer by either partial or
total gastrectomy is the main pillar of curative treatment aside
from multimodal therapies in advanced stages, which may be a
critical matter from numerous aspects. On one hand, an
oncologically radical approach is important in order to achieve
RO resection (1), but, on the other hand, gastrectomy is
correlated to a high mortality rate of up to 20% (2). In
particular, age-related aspects regarding surgery for gastric
cancer have not been adequately investigated yet. Thus, most
studies only focus on surgical technique and cancer
specifications and do not cover the entire collective of elderly
patients requiring therapy for gastric cancer (3, 4). Articles
related to elderly gastrectomy patients usually address the best
surgical technique in terms of minimally invasive and robotic-
assisted surgery (5-7). With regard to stratification by age,
several aspects are of particular interest. For example,
perioperative mortality and the probability of other
postoperative complications must be weighed against current
life expectancy without surgery (8). Recent study collectives are
mostly small in number. In addition, the results being published
may be biased due to the fact that these studies are mostly
reporting on patient cohorts from specialized treatment centers
not representing common clinical nationwide practice.
Therefore, a systematic analysis of large case numbers is
urgently needed to evaluate the influence of age on the
surgical outcome related to major gastric surgery, especially
when life expectancy is reached. The aim of the present study
was to evaluate the clinical outcomes of patients aged beyond the
average life expectancy undergoing surgery for gastric cancer in
a population-based study using a structured query of the
German Diagnosis Related Groups (G-DRG) database of the
German Statistical Office (DESTATIS). The complete database is
accessible only for selected researchers and contains all the
diagnoses and medical procedures of inpatients treated in
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German hospitals, which were encoded according to
the International Classification of Diseases version 10 with the
German modification (ICD-10-GM) and the German operation
and procedure key (‘Operationen- und Prozedurenschliissel’,
OPS) (9).

Material and methods

All patients with gastric and distal esophageal cancer (ICD
C15.2, C15.5, and C16.0-C16.9) receiving major gastric surgery
in terms of subtotal gastrectomy (ST, OPS 5-435, 5-436), total
gastrectomy (T, OPS 5-437), and total gastrectomy with
esophageal resection (TE, OPS 5-438) in Germany between
2008 and 2018 were included. The parameters queried
comprised comorbidity, reconstruction technique, the extent
of lymphadenectomy (LAD), adjunctive therapy and organ
resection, intraoperative and postoperative adverse events, and
perioperative mortality. These factors were then analyzed for age
dependency by setting a cutoff at 75 years. Patients younger than
this age were assigned to group L75 (‘less than 75 years’), and
older patients were assigned to group G75 (‘greater or equal to
75 years’). Intraoperative and postoperative complications were
defined according to the international consensus on
complications after gastrectomy for cancer (10). The source
code for the query of the G-DRG database was created in the
SAS programming language, as required by DESTATIS (9). The
same program code was executed separately for each year of
interest. Diagnoses and complications were defined using the
most appropriate ICD-10 and OPS codes available (see the
supplement for details). Statistical analysis was then performed
using R statistical software version 3.6 without additional
packages (11). To calculate significance, the Wilcoxon rank
sum test was used for the Charlson comorbidity scores and the
chi-square test and Fisher’s exact test were applied to nominal
scaled parameters. In case of multiple testing, Bonferroni
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correction was used to adjust p-values. The particular statistical
tests applied to the data and the absolute subgroup sizes are
depicted in each table and figure. Relative frequencies are given
for mortality, complications, the reconstruction technique, LAD,
and adjunctive therapy. The Charlson index for comorbidity is
reported as the mean and standard deviation for each collective
and year. The significance level was set at 5%.

Results

A total of 67,389 patients with gastric or distal esophageal
cancer underwent major gastric resection in Germany during the
observation period (ST: 21,794/T: 41,825/TE: 3,466/
combinations of OPS codes for ST, T, or TE: 304 cases). The
proportion of patients with an age of 75 years or more (G75) was
51.4% (n = 11,207) for ST, 32.6% (n = 13,617) for T, and 26.9%
for TE (n = 973).

For the analysis of comorbidity, the Charlson comorbidity
index in its classic version was calculated for both collectives
(12). For each individual year and each type of gastric resection,
there was a significantly higher score found in the elderly
group (Table 1).

The pattern of reconstruction techniques, in terms of the use
of Billroth II (BII), analog to Billroth II (aBII), Roux en Y-like
(RY), or other (O) reconstruction, was almost the same in both

10.3389/fonc.2022.1032443

age groups with slight differences regarding modified techniques.
Nevertheless, the number of BII reconstructions was higher in
elderly patients undergoing ST (30.7 vs. 26.2%). Following all
gastric resection types, RY was the most frequently used
technique in both groups (Figures 1A, B). Regarding LAD,
systematic D2 LAD was the most frequently used procedure
after total gastrectomy and gastrectomy combined with
esophagectomy in patients <75 years and =75 years. D3
dissection was performed less commonly in the G75 collective
(ST: 3.2 vs. 5.7%/T: 6.8 vs. 9.2%/TE: 7.9 vs. 11.6%) After subtotal
resection, LAD strategies other than straight systematic D2 or
D3 LAD were used in 51.4% (L75) and 62.1% (G75) including
partly D2 or D3 dissection, respectively (Figures 1C, D).

While the type of reconstruction did not differ substantially
between the two age groups, the extent of further therapy and
additional organ resection appeared to be markedly divergent.
Less aggressive approaches were observed for pancreatic
resection after subtotal and total gastrectomy (ST: 1.3 vs. 2.3%,
OR 0.58, Clyss, 0.46-0.71, p < 0.0001/T: 3.6 vs. 4.5%, OR 0.80,
Clyse, 0.72-0.89, p = 0.0005). Partial or total adrenalectomy was
less frequently performed in the G75 group alongside total
gastrectomy (0.4 vs. 0.9%, OR 0.48, Clgso, 0.35-0.64, p <
0.0001). In contrast, there was no significant difference
between the two groups in terms of splenectomy for subtotal
and total gastrectomy or combined gastrectomy and
esophagectomy. Most extensive methods, such as

TABLE 1 Charlson comorbidity score of patients undergoing major gastric surgery in Germany between 2008 and 2018.

Group Parameter 2008 2009 2010 2011 2012
<75 ST  Mean 4.77 4.89 5.15 4.98 5.11
sd 32 323 34 334 337

n 1,144 1,095 1,012 969 962

T  Mean 4.77 4.9 5.17 5.13 5.2

sd 332 334 345 345 3.44

n 2,887 2774 2,661 2598 2475

TE  Mean 45 5.41 4.94 5.38 5.23

sd 327 341 33 3.16 3.56

n 140 179 135 148 150

275 ST  Mean 6.76 7.16 7.49 7.21 7.46
sd 3.07 324 3.34 331 341

n L167 1,089 1,016 988 987

T  Mean 6.89 6.99 7.39 7.37 7.44

sd 326 322 343 342 34

n 1,205 1208 1,108 1,197 1208

TE  Mean 7.44 6.81 7.21 7.24 8

sd 321 3.38 3.11 337 3.6

n 57 54 56 54 48

2013 2014 2015 2016 2017 2018 p-value
5.32 5.44 5.5 5.22 5.4 5.58
3.45 346 3.57 3.62 3.49 3.56
946 945 946 848 869 851
5.46 5.49 5.64 5.56 5.79 564 |
3.53 351 3.57 35 3.54 348
2,395 2,843 2,701 2382 2314 2,178 <0.0001
5.86 5.74 6.17 5.73 6.05 588 T
3.71 3.41 3.59 3.45 3.56 3.51
152 214 194 403 406 372
7.54 7.71 7.96 7.9 7.87 7.96
3.31 348 3.61 3.47 3.64 3.57
984 1,029 1,057 945 992 953 <0.0001
7.79 7.86 7.79 8.12 7.97 8
3.52 3.56 3.51 3.62 3.55 3.57
1,237 1,380 1,385 1,297 1,228 1,164
<0.0001
7.88 7.14 7.82 7.88 8.25 847
3.48 3.1 4.1 3.61 3.53 3.67
59 71 79 164 173 158

< 75: patients, younger than 75 years, > 75: patients with an age of 75 years or older, ST, subtotal gastrectomy, T, total gastrectomy, TE, combined total gastrectomy and esophageal resection,
mean, mean of the Charlson comorbidity index, sd, standard deviation of the Charlson comorbidity index, n, number of patients in the particular group; the Wilcoxon rank sum test with
Bonferroni adjustment was used for statistical testing with a level of significance set at 5%. The difference between L75 and G75 was significant for each single year under study.

The bold values represent the mean values.
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FIGURE 1

ST: subtotal gastrectomy, T: total gastrectomy, TE: gastrectomy combined with esophagectomy, Bll: Billroth Il reconstruction, aBll reconstruction
analogue to Billroth I, RY: Roux en-Y reconstruction, O: other reconstruction technique, D2 LAD: straight D2 lymphadenectomy, D3 LAD: straight
D3 lymphadenectomy, Other LAD: extent of lymphadenectomy other than straight systematic D2 or D3, Chi-square test with Bonferroni adjustment

was applied for statistical testing. The significance level was set at 5%.

peritonectomy and hyperthermic intraperitoneal chemotherapy
(HIPEC), were used rarely in elderly patients in association with
all three types of gastric surgery (Table 2).

General and surgical complications were subgrouped into
intraoperative and postoperative adverse events according to the
international consensus of complications after gastrectomy for
cancer (10). The intraoperative course in terms of unintended
injury to anatomic structures such as solid organs and blood
vessels, during ST and T was slightly increased in elderly patients.
(ST: 1.7 vs. 1.2%, OR 1.43, Clgso, 1.14-1.81, p = 0.0173/T: 2.2 vs.
1.7%, OR 1.28, Clgse, 1.10-1.48, p = 0.0109) Intraoperative
bleeding and the need for interruption of surgery were not
impacted by age (Table 3A).

Significant differences between the two groups, L75 and G75,
were found in the postoperative course. General complications
such as respiratory and acute renal failure, acute myocardial
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dysfunction, and the need for resuscitation were increased after
subtotal and total gastrectomy in G75. In addition, elderly
patients were significantly more susceptible to infections after
all three types of gastric resection were studied (Table 3B).

Regarding specific surgical complications, the elderly had a
significantly increased need for blood transfusions after each
type of surgery. Furthermore, older patients showed an increased
risk of bowel perforation (1.1 vs. 0.69%, OR 1.64, Clgso,
1.32-2.04, p < 0.0002) and anastomotic leakage (9.8 vs. 7.4%,
OR 1.37, Clgse, 1.24-1.51, p < 0.0001) if they received total
gastrectomy (Table 3C).

In-hospital mortality in elderly patients was higher after all
three types of gastrectomy compared with the L75 group. (ST:
11.0 vs. 4.36%, OR 2.71, Clyse, 2.42-3.03, p < 0.0001/T: 11.9 vs.
4.23%, OR 3.05, Clysy, 2.82-3.30, p < 0.0001/TE: 13.9 vs. 5.86%,
OR 2.59, Clyse 1.99-3.35, p < 0.0001) (Table 4)
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TABLE 2 Adjunctive therapy and organ resection alongside oncological gastric resection in elderly patients in Germany between 2008 and 2018.

Adjunctivetherapy

Pancreatic
resection

Liver
resection

Splenectomy
Peritonectomy
HIPEC

Colon

resection

Adrenalectomy

ST, subtotal gastrectomy; T, total gastrectomy; TE, total gastrectomy in combination with esophageal resection; HIPEC, hyperthermic intraperitoneal chemotherapy; <75 y, patients younger than 75 years; >75 y, patients at an age of 75 years or more; n,
absolute number of patients; the numbers in brackets delineate the overall collective after indexing by the Statistical Office; OR, odds ratio; CI95%, 95% confidence interval; Fisher’s exact test with the Bonferroni adjustment of p-values was used for statistical

Subtotal gastrectomy (ST) Total gastrectomy (T) Total gastrectomy and esophageal resection (TE)
<75y >75y <75y >75y <75y >75y
n % n % OR Clgsy, p-value n % n % OR Clysy p-value n % n % OR Clysy, p-value
239 23% 147 13% 058 046-0.71 <0.0001 1270  45% 494  36% 080 072-0.89  0.0005 147  59% 41  48% 079 0.54-114  1.0000
(10,587) (11,207) (28,208) (13,617) (2,493) (863)
609  58% 570  51% 088 078-1.00 06508 1,791  63% 771  57% 089 0.81-1.00  0.1282 179 84% 77 72% 118 088-157  1.0000
(10,587) (11,207) (28,208) (13,617) (2,493) (919)
206 19% 267  24% 123 100-149 06040 2,898 10.3% 1,412 104% 101 094-1.08 10000 317  127% 119 122% 096 0.76-120  1.0000
(10,587) (11,207) (28,208) (13,617) (2,493) (973)
108 11% 23 04% 033 020-052 <0.0001 741  2.6% 118  095% 036 029-043 <0.0001 75  32% 0  00% - - 0.1801
(9,443) (6,044) (28,208) (12,412) (2.279) (161)
58 1.1% 0 00% - - <0.0001 568  22% 21  0.19% 008 005-0.13 <0.0001 33  25% 0  00% - - 0.0014
(9,443) (9,087) (25,321) (11,204) (1,316) (471)
398 3.8% 434 39% 103 0.89-190 10000 1,224 43% 623  46% 106 095-1.67  1.0000 114 46% 36  44% 097 0.64-143  1.0000
(10,587) (11,207) (28,208) (13,617) (2,493) (812)
21 038% 16  027% 070 034-141  1.0000 252 09% 53 04% 048 035-0.64 <0.0001 42  20% 3  05% 026 005-0.80 02136
(5,523) (5,988) (28,208) (12,409) (2,149) (592)

testing. The level of significance was set at 5%.
The bold values denote statistical significance at P <0.05 level.
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TABLE 3 Intraoperative and postoperative general and surgical complications in elderly patients undergoing oncological gastric resection in Germany between 2008 and 2018.

A Intraoperative

Unintended intraoperative
damage to vessels or organs

Intraoperative bleeding

Interruption of the
planned procedure

B Postoperative
general

Apoplexy

Need for resuscitation
Myocardial infarction
Cardiac dysrhythmia
Acute myocardial failure
Pulmonary embolism
Respiratory failure

Need for tracheostomy
Need for prolonged

intubation

Liver dysfunction

Subtotal gastrectomy (ST)

Total gastrectomy (T)

Total gastrectomy and esophageal resection (TE)

275y
n %
193 17%
(11,207)
543 4.8%
(11,207)
35 0.49%
(7,193)

OR

1.43

1.09

0.89

CIQS%
1.14-1.81
0.96-1.24

0.53-1.50

Subtotal gastrectomy (ST)

<75y
n %
128 12%
(10,587)
474 45%
(10,587)
30 0.5%
(5,488)
<75y
n %
55 0.64%
(8,656)
160 1.5%
(10,587)
206 1.9%
(10,587)
167 1.6%
(10,587)
219 21%
(10,587)
167 1.6%
(10,587)
1092 10.3%
(10,587)
231 22%
(10,587)
29 037%
(7,848)
466 44%
(10,587)

275y
n %
122 1.1%
(11,207)
293 2.6%
(11,207)
356 3.2%
(11,207)
435 3.9%
(11,207)
714 64%
(11,207)
195 17%
(11,207)
1,595  14.2%
(11,207)
273 24%
(11,207)
27 0.53%
(5,110)
548  4.9%
(11,207)

OR

1.72

1.75

2.52

3.22

1.10

1.44

1.12

1.43

1.11

Closy,

1.24-2.41
1.44-2.14
1.39-1.98
2.10-3.04
2.76-3.77
0.89-1.37
1.32-1.57
0.93-1.34
0.81-2.51

0.98-1.27

p-value
0.0173
1.0000

1.0000

p-value

0.0275
< 0.0001
< 0.0001
< 0.0001
< 0.0001

1.0000
< 0.0001

1.0000

1.0000

1.0000

<75y
n %
486 1.7%
(28,208)
1,236 44%
(28,208)

87 0.3%
(28,208)
<75y
n %
106 0.38%
(28,208)

479 17%
(28,208)

629  2.2%
(28,208)

571 2.0%
(28,208)

488  1.7%
(28,208)

523 1.9%
(28,208)
3,407 12.1%
(28,208)

778 2.8%
(28,208)

101 0.39%
(25,813)
1,428  5.1%
(28,208)

275y

n % OR

298 22% 1.28
(13,617)

677 50% 1.14
(13,617)

43 0.4% 1.40
(9,987)

CI95%
1.10-1.48
1.04-1.26

0.95-2.04

Total gastrectomy (T)

275y
n % OR
99 0.73% 194

(13,617)
457 34% 201
(13,617)
535 39% 179
(13,617)
544 40% 201
(13,617)
803 59% 3.56
(13,617)
261 19% 1.03
(13,617)
2,420
(13,617)
515 38% 139
(13,617)
54 054% 139
(9,915)

832 6.1% 1.22
(13,617)

17.8% 1.57

60

CIQS%

1.46-2.58
1.76-2.29
1.59-2.02
1.78-2.27
3.17-4.00
0.88-1.20
1.48-1.67
1.23-1.55
0.98-1.96

1.11-1.33

p-value
0.0109
0.0676

0.7965

p-value

0.1081
< 0.0001
< 0.0001
< 0.0001
< 0.0001

1.0000
< 0.0001
< 0.0001

1.0000

< 0.0001

<75y
n %

50 2.3%
(2,174)

139 59%
(2,341)

0 0.0%

(924)

275y
n %
17 3.6%
(467)
54 67%
(812)
0 0.0%
(450)

OR  Clysy

1.60

1.13

0.85-2.86

0.80-1.57

p-value
0.9378

1.0000

Total gastrectomy and esophageal resection (TE)

<75y
n %
10 071%
(1,399)
69 2.9%
(2,341)
80 3.2%
(2,493)
91 3.7%
(2,493)
44 1.9%
(2,279)
65 3.1%
(2,070)
489  19.6%
(2,493)
128  51%
(2,493)
17 0.97%
(1,759)
159  6.4%
(2,493)

275y
n %
3 041%
(738)
51 55%
(919)
52 57%
(919)
56 62%
(902)
66 7.6%
(866)
22 3.0%
(733)
249 25.6%
(973)
65  6.7%
(973)
3 067%
(446)
53 6.9%
(764)

OR  Clysy
0.57 0.09-2.21
1.93 1.30-2.84
1.81 1.23-2.21
1.75 1.22-2.49
4,19 2.79-6.34
095 0.55-1.58
141 1.17-1.68
1.32  0.95-1.81
0.69 0.12-2.42
1.09 0.77-1.52

p-value

1.0000
0.0218
0.0642
0.0762
< 0.0001
1.0000
0.0054
1.0000
1.0000

1.0000

(Continued)
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TABLE 3 Continued

B Postoperative Subtotal gastrectomy (ST) Total gastrectomy (T) Total gastrectomy and esophageal resection (TE)
general
<75y 275y <75y 275y <75y 275y

n % n % OR Clgsy, p-value n % n % OR Clysy p-value n % n % OR Clgsy, p-value

Acute renal insufficiency 530 5.0% 1,077 9.6% 2.02 1.80-225 <0.0001 1,406 5.0% 1,422 104% 222 2.06-2.40 < 0.0001 198 7.9% 131 13.5% 1.80 1.41-2.29 0.0001
(10,587) (11,207) (28,208) (13,617) (2,493) (973)

Infection 1,152 109% 1,826 16.3% 1.59 147-1.73 < 0.0001 3124 11.1% 2,157 15.8% 1.51 142-1.60 < 0.0001 301 121% 166 17.1% 150 1.21-1.85 0.0058
(10,587) (11,207) (28,208) (13,617) (2,493) (973)

C gastrectomy (ST) Total gastrectomy (T) Total gastrectomy and esophageal resection (TE)

<75y 275y <75y 275y <75y 275y
n % n % OR Clgso, p-value n % n % OR Clgso, p-value n % n % OR Clgso, p-value

Need for 2,918 350% 4,987 557% 234 220-249 <0.0001 8,563 38.0% 6,323 56.4% 2.12 2.02-2.22 < 0.0001 835 38.4% 468 54.3 190 1.61-224 < 0.0001

blood transfusion (8,348) (8,951) (22,547) (11,204) (2,174) (862)

Bowel obstruction 184 1.7% 218 1.9% 1.12 091-1.37 1.0000 354 1.3% 176 1.3% 1.03 0.85-1.24  1.0000 20 1.3% 10 1.6% 127 0.53-2.86 1.0000
(10,587) (11,207) (28,208) (13,617) (1,565) (619)

Bowel perforation 47 0.5% 94 0.84% 1.69 1.17-246  0.0882 194 0.69% 153 1.1% 1.64 1.32-2.04 0.0002 11 0.81% 0 0.0% - - 1.0000
(9,443) (11,207) (28,208) (13,617) (1,357) (159)

Duodenal leak 23 0.35% 24 0.38% 1.11  0.60-2.07 1.0000 22 0.14% 25 0.34% 2.41 1.30-4.49  0.0826 3 0.23% 3 0.33% 144 0.19-10.7 1.0000
(6,660) (6,239) (15,675) (7,403) (1,312) (914)

Anastomotic leakage‘ 281 5.2% 313 53% 101 0.85-1.19 1.0000 1,090 7.4% 756 9.8% 137 124-151 <0.0001 182 10.4% 85 12.1% 1.18 0.88-1.56 1.0000
(5,405) (5,960) (14,813) (7,691) (1,741) (704)

Pancreatic fistula 563 5.3% 559 50% 093 0.82-1.06 1.0000 1,796 6.4% 818 6.0% 0.94 0.86-1.02 1.0000 193 7.7% 64 7.0% 089 0.65-1.20 1.0000
(10,587) (11,207) (28,208) (13,617) (2,493) (919)

Pancreatitis 45 0.52% 32 0.39% 0.74 0.45-1.20 1.0000 115 0.41% 66 0.48% 1.19 0.86-1.63 1.0000 7 0.5% 0 0.0% - - 1.0000
(8,679) (8,279) (28,208) (13,617) (1,392) (667)

Need for abdominal 397 3.7% 433 39% 1.03 0.89-1.19 1.0000 1,144  4.0% 619 45% 1.12 1.01-1.25  0.6243 129 5.2% 49 6.6% 131 0.90-1.85 1.0000

drainage (10,587) (11,207) (28,208) (13,617) (2,493) (737)

Impaired gastric 3 0.08% 16 0.26% 3.37 0.96-18.07  1.0000 - - - - - - - - - - - - - -

emptying (3,876) (6,144)

Other complications 1,904 18.0% 2183 19.5% 1.10 1.02-1.18 0.1473 5461 194% 2,969 21.8% 1.16 1.10-1.22 < 0.0001 576 23.1% 233 239% 1.05 0.88-1.25 1.0000

(10,587) (11,207) (28,208) (13,617) (2,493) (973)

ST, subtotal gastrectomy; T, total gastrectomy; TE, total gastrectomy in combination with esophageal resection; <75 y, patients younger than 75 years; >75 y, patients at an age of 75 years or more; n, absolute number of patients; the numbers in brackets
delineate the overall collective after indexing by the Statistical Office; OR, odds ratio; Close, 95% confidence interval; 'The ICD-10-GM code for anastomotic leakage was just introduced in 2013; Fisher’s exact test with the Bonferroni adjustment of p-values
was used for statistical testing. The level of significance was set at 5%.

The bold values denote statistical significance at P < 0.05 level.
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TABLE 4 In-hospital mortality following oncological gastric surgery in elderly patients in Germany between 2008 and 2018.

<75y
n In-hospital death Mortality n
ST 10,587 462 4.36% 11,207
T 28,208 1,193 4.23% 13,617
TE 2,493 146 5.86% 916

=275y
In-hospital death Mortality OR Clyso, p-value
1,233 11.0% 271 2.42-3.03 <0.0001
1,618 11.9% 3.05 2.82-3.30 <0.0001
127 13.9% 2.59 1.99-3.35 <0.0001

ST, subtotal gastrectomy; T, total gastrectomy; TE, total gastrectomy in combination with esophageal resection; <75 y, patients younger than 75 years; >75 'y, patients at an age of 75 years or
more; 1, absolute number of patients; OR, odds ratio; Clgse: 95% confidence interval, Fisher’s exact test with the Bonferroni adjustment of p-values was used for statistical testing. The level

of significance was set at 5%.
Discussion

The present study assessed differences in outcome after
major oncologic gastric surgery among patients aged 75 years
and older in Germany between 2008 and 2018 based on the G-
DRG database of the German Federal Statistical Office
(DESTATIS). Significant differences were found in particular
with respect to postoperative morbidity and mortality.

Comorbidity was measured using the Charlson comorbidity
index. The elderly collective scored significantly higher
compared to younger patients stratified by each kind of gastric
resection and each single year under study. Obviously, the
difference is biased by the fact that the age of a particular
patient is part of the calculation formula for the Charlson
comorbidity index itself. An age between 80 and 89 years adds
4 points to the score, and an age of more than 90 years
contributes to even 5 points, respectively. Nevertheless, the
mean score suggests a 10-year mortality of 47% in the L75
group and 79% in the G75 collective solely based on comorbidity
profile without considering the surgeries performed, indicating a
certain vulnerability among the elderly group (12). For this
reason, especially if life expectancy is reached, preoperative
comorbidities and clinical circumstances must thoroughly be
taken into account when planning major gastric resection for
cancer in elderly patients.

The pattern of reconstruction techniques was rather similar
in both groups. Merely after ST, there were more BII-like
reconstructions performed in the elderly, and, after T, a
slightly increased rate of reconstruction techniques ‘other than
BII and RY’ was seen in this group. All in all, the age does not
influence the choice of reconstruction technique fundamentally.
Unfortunately, the current version of the OPS does not reflect
the whole range of possible reconstruction techniques in detail.
As case numbers in western Europe are not comparable to that
in Asia, the implementation of new reconstruction approaches
and their representation in the relevant coding systems are still
hampered (13).

Regarding LAD, straight D2 and D3 LAD seems to be
applied less frequently to elderly patients. Instead, other
strategies like partial D2 or D3 LAD are more common in this
group (see the supplement for the exact code definition used for
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the query). The fact that LAD is performed to an altered extent
in elderly gastric cancer patients is already known and has been
shown to be appropriate in Asian populations (14). The
influence on the clinical outcome of adapted LAD in elderly
patients in a western collective cannot fully be uncovered by the
presented study. However, recent research suggests that
standard D2 gastrectomy can safely be applied even to elderly
patients (15, 16). Further research and clear recommendations
are urgently needed on this field, as the presented data suggest,
that D2 LAD seems to be applied hesitantly to patients older
than 75 years, which may influence the oncologic outcome.
Nonetheless, D2 dissection rates were surprisingly low although
D2 LAD was adopted as a standard surgical procedure in the
local guidelines. It may be speculated that D2 is either not
performed according to the guideline recommendations or that
the coding was not done appropriately. The influence of
modified LAD on postoperative outcomes, therefore, cannot
be finally evaluated in the setting of this analysis.

Another indicator of an adapted approach in elderly patients
is the lower rate of additive organ resections such as pancreatic
resection and peritonectomy. In addition, HIPEC is applied less
frequently to the G75 collective. A less aggressive approach in
gastric surgery for the elderly has been observed previously, as a
reduction in the dimension of treatment may significantly
improve the complication profile and should be considered in
these patients (17). The data indicate an already-present clear
consideration about the kind and extent of adjunctive surgery in
daily clinical practice. Thus, pancreatic resection in the case of
ST and T and adrenalectomy alongside T represent the only
significantly altered organ resection approaches applied to
elderly patients. The rates of colon and liver resection as well
as splenectomy are not significantly divergent compared to
younger patients.

Aside from a slightly increased rate of unintended damaging
of blood vessels and organs, there appears to exist no significant
influence of advanced age on the immediate intraoperative
course. Bleeding during surgery and the interruption of the
planned procedure are not impacted. Of course, a possibly
explorative intent of a surgery cannot be deduced ultimately
from the presented data. Even the postoperative surgical course
seems only to be influenced by three particular aspects, namely,
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the necessity of blood transfusions, a higher rate of bowel
perforation, and anastomotic leakage after total gastrectomy,
aside from an increase in ‘other complications’ (see the
supplement for code definition). However, we cannot derive
the actual reason for a higher rate of transfusions from the data.
As intraoperative bleeding seems not to be responsible, there
may be other aspects like a decreased ability for compensation in
the presence of low hemoglobin values among the elderly group.
As already mentioned above in terms of comorbidity, a
preoperative assessment of anemia and age-appropriate
management could improve the outcome and avoid the
extensive use of blood transfusions (18). Regarding the
increased incidence of anastomotic leakage after total
gastrectomy in the elderly, nutritional aspects and comorbidity
may be important factors and further research is required to
overcome this life-threatening adverse event (19).

Non-surgical complications like respiratory, renal or
myocardial failure, and the need for cardio pulmonary
resuscitation (CPR) in case of cardiac arrest are significantly
increased in the elderly. Moreover, the distinct susceptibility to
postoperative infections must be taken into account. However,
there are preoperative screening tools available or currently
under development addressing this problem; there is an urgent
need for further improvement (20-23). In this sense, even an
appropriate assessment of the mentioned postoperative
complications and adverse events with clear recommendations
would be helpful to minimize morbidity.

Regarding postoperative mortality, there was a more-than-
doubled probability of in-hospital death in the elderly collective.
The rates of 11%-13%, depending on the extent of resection,
highlight once again the vulnerability of that group compared to
younger patients and raise the question of whether less invasive
surgery might be of advantage in the selected subgroups of this
collective. However, a meta-analysis by Kong et al. did not show
a difference regarding morbidity and mortality between T and
ST without regard on age; the extent of resection seems to be
relevant in elderly patients (24).

There exist several limitations in the presented study
regarding data quality and the informative value. The necessity
to avoid small group sizes in the query strategy for the G-DRG
database to minimize the probability of indexing by the
Statistical Office for secrecy reasons delimits the grade of
detail, like the particular strategy of LAD in each subgroup.
Furthermore, only morbidity and procedures operationalized
within the ICD-10 and OPS are evaluable. For example, there
exists no information about the histological subtype of a tumor if
not explicitly defined in the particular code. Our intent to use the
international consensus list of complications after gastrectomy
could not be realized ultimately as the pieces of information
cannot be derived from the DESTATIS database (10). Finally,
the quality of data depends highly on the sincerity of the
encoding personnel in the hospitals, and economical interests
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may bias the data to a certain degree. Aside from this, it may not
be deducted from the data presented if patients died from
aggressive or progressing tumor burden or the complication
itself. This fact further limits the generalizability of the
data presented.

All in all, the impact of age on the perioperative outcome of
patients undergoing gastrectomy is still controversial and cannot
be fully uncovered by the present data. Varying endpoints and
cutoffs in recent studies further complicate a comprehensive
overview of the underlying issues. For instance, a cutoft age of 45
years with the definition that patients older than 45 years are
‘elderly’ in an exemplary study by Cheng et al. in 2021 suggests
that there exists no difference between young and older patients
during and after gastrectomy regarding several complications
contrarily to our results (25). On the other hand, there exist
several publications that confirm our impression of a significant
impact of age on the postoperative outcome after gastrectomy (8,
26). Many articles about elderly patients already indicate a
general consideration of geriatric aspects in major gastric
surgery as this group is obviously more susceptible to
numerous complications. Nevertheless, further systematic
investigation is mandatory as there do not exist valid and
comprehensive recommendations regarding a reasonable
balance between surgical extent and the oncological outcome
in the western collectives of elderly patients with gastric
cancer yet.

Conclusion

The presented results demonstrate that the immediate
outcome of major oncological gastric surgery depends highly
on age aspects. Elderly patients have a tremendously increased
likelihood of in-hospital morbidity and mortality, a fact that
must be considered thoroughly when planning gastric resection.
Nonetheless, the present data allow a real-life evaluation of all
surgical gastric cancer cases in Germany and should be respected
when counseling patients to decide for further therapeutic steps.
Further research and new approaches to individualized geriatric
surgery for gastrectomy are urgently needed in that sense.
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Care Medicine, Jinling Hospital, Nanjing University School of Medicine, Nanjing, China

Background: Protein-energy malnutrition (PEM) has been recognized as a poor
prognostic factor in many clinical issues. However, nationwide population studies
concerning the impact of PEM on outcomes after major cancer surgery (MCS) are
lacking. We aimed to evaluate the postoperative outcomes associated with PEM
following MCS.

Methods: By using the Nationwide Inpatient Sample database, data of patients
undergoing MCS including colectomy, cystectomy, esophagectomy, gastrectomy,
hysterectomy, lung resection, pancreatectomy, or prostatectomy were analyzed
retrospectively from 2009 to 2015, resulting in a weighted estimate of 1,335,681
patients. The prevalence trend of PEM, as well as mortality and major
complications after MCS were calculated. Multivariable regression analysis was
applied to estimate the impact of PEM on postoperative outcomes after MCS.

Results: PEM showed an estimated annual percentage increase of 7.17% (95%
confidence interval (Cl): 4-10.44%) from 2009 to 2015, which contrasts with a
4.52% (95% Cl: -6.58-2.41%) and 1.21% (95% CI: -1.85-0.56%) annual decrease in
mortality and major complications in patients with PEM after MCS. PEM was
associated with increased risk of mortality (odds ratio (OR)=2.26; 95% Cl: 2.08-
2.44; P <0.0001), major complications (OR=2.46; 95% ClI: 2.36-2.56; P < 0.0001),
higher total cost ($35814 [$22292, $59579] vs. $16825 [$11393, $24164], P <
0.0001), and longer length of stay (14 [9-21] days vs. 4 [2-7] days, P < 0.0001),
especially in patients underwent prostatectomy, hysterectomy and lung resection.

Conclusions: PEM was associated with increased worse outcomes after major
cancer surgery. Early identification and timely medical treatment of PEM for
patients with cancer are crucial for improving postoperative outcomes.

KEYWORDS

protein-energy malnutrition (PEM), major cancer surgery, mortality, postoperative
complications, nationwide analysis
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1 Introduction

Protein-energy malnutrition (PEM), caused by depleted energy
and nutrient stores, often leads to alterations in body weight and
composition and compromised functioning (1). PEM has been
recognized as a poor prognostic factor in many clinical issues, such
as acute myocardial infarction, sepsis, and heart failure (1-3).
Consequently, the importance of identification and management of
PEM has been highlighted in recent years.

Cancer is a major public health problem worldwide and has been
the second leading cause of death in the United States (4). In China,
cancer death accounted for 24% of all-cause of death during 2014 to
2018 and is the leading cause of death in the population less than 65
years old (5). Metabolic diseases, such as obesity and diabetes, are vital
risk factors for cancers, which may resulted from energy imbalance
and inflammation (6, 7). Patients with cancer are at a particularly high
risk of malnutrition. The etiology is complicated, including impaired
food intake due to host and therapeutic factors, increased energy and
protein demands, and metabolic abnormalities (8). Although there is
a relatively high prevalence of malnutrition ranging from 20% to
more than 70% in patients with cancer, only 30-60% of those at risk of
malnutrition received nutritional support (8).

Surgery, one of the major cancer treatments, can negatively
regulate nutrition status due to the catabolic impact of the surgery
itself, inflammation induction, and enhanced metabolic stress
response (9). Malnutrition is associated with negative clinical
outcomes following certain cancer surgeries such as esophagectomy,
gastrectomy, colectomy, hepatectomy, pancreatectomy, lung
resection, cystectomy, and hysterectomy (10-16). However,
nationwide population studies on the impact of PEM on outcomes
after major cancer surgery (MCS) are lacking.

Therefore, we used National Inpatient Sample (NIS) database to
explore: 1) prevalence and temporal trends of PEM who underwent
MCS; 2) the impact of PEM on mortality, major complications, total
cost, and length of stay (LOS) after MCS; 3) the influence of surgical
type on the perioperative outcomes of PEM patients.

2 Methods
2.1 Data source and study population

It is a retrospective cohort study investigating the influence of
PEM on perioperative outcomes in patients undergoing MCS.
Patients aged 18-90 years old who were admitted between January
1*, 2009 to December 31*, 2015 and primarily for MCS were included
from NIS database. The NIS database is the largest all-payer
administrative database that includes a 20% stratified sample of
United States inpatient hospitalizations from nonfederal
community hospitals (17). The NIS database provides information
including patient features, primary diagnosis, up to 29 secondary
diagnoses, up to 15 inpatient procedures, hospitalization costs, and
LOS (1). We selected a total of eight major surgical oncological
procedures (colectomy, cystectomy, esophagectomy, gastrectomy,
hysterectomy, lung resection, pancreatectomy, and prostatectomy)
as MCS and evaluated their perioperative outcomes. Relying on
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specific International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) procedure codes, each surgical
procedure was assessed independently, and analyses were restricted to
cancer diagnoses only (Supplementary Table 1) (18).

2.2 Ethical approval

The data collected in the present study is from an open access
database, where the ethics approval and consent to participated had
been made when the database setup. Hence, it is not applicable in the
present study.

2.3 Outcomes

The primary outcome was perioperative outcomes, which
included mortality, major complications, total costs, and LOS.
Mortality, total costs, and LOS were directly extracted from NIS
database. Major complications were identified through ICD-9-CM
diagnosis codes, defined as pneumonia, pulmonary embolism, renal
failure, acute ischemic stroke, acute myocardial infarction, cardiac
arrest, adult respiratory distress syndrome, sepsis, and septic shock
(Supplementary Table 2).

2.4 Predictor

PEM (primary predictor) was identified with ICD-9-CM
diagnosis codes (260, 261, 262, 263, 2698, 7994, 7833, 7837, 78321,
78322), which included kwashiorkor, marasmus, cachexia, other
severe protein-calorie malnutrition (severe and unspecified), adult
failure to thrive, loss of weight, and underweight. These set of
diagnosis codes is recommended by the Academy of Nutrition and
Dietetics, and the American Society for Parenteral and Enteral
Nutrition and have been used by many studies (1-3, 19).

2.5 Patient and hospital characteristics

For all patients, the following independent variables were
potential confounders and were available for analyses: patient age at
hospitalization, sex, elective status, race (white, black, Hispanic, other
(Asian, Pacific Islander, or Native American), or unknown),
insurance status, income quartile, hospital type, hospital region,
hospital bed size, baseline comorbidities, and type of cancer
surgery. All the potential confounders were identified either as
already present in NIS database or clinical classification software
codes to abstract them from the diagnosis variables (2).

Patient age was regarded as a continuous variable. Insurance
categories included Medicare, Medicaid, private insurance, and other
insurance types (self-pay). Income was stratified into four quartiles
based on the average annual household income of the zip code of
residence (0—25th, 26—50th, 51—75th, and 76-100™ quartiles). The
hospital type was categorized by the hospital’s teaching status
(rural, urban non-teaching, and teaching). The Hospital region
included the Northeast, Midwest, South, and West regions.
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Hospitals bed size was stratified as small, medium and large hospital
size (20). Baseline comorbidities were quantified using an Elixhauser
comorbidity index (ECI) (21). Elixhauser comorbid conditions
included: alcohol abuse, acquired immune deficiency syndrome,
deficiency anemias, rheumatoid arthritis/collagen vascular diseases,
chronic blood loss anemia, congestive heart failure, chronic
pulmonary disease, coagulopathy, depression, diabetes without
complications, diabetes with chronic complications, drug abuse,
hypertension (uncomplicated and complicated), hypothyroidism,
liver disease, lymphoma, fluid and electrolyte disorders, obesity,
other neurological disorders, paralysis, peripheral vascular
disorders, psychoses, pulmonary circulation disorders, renal failure,
peptic ulcer disease excluding bleeding, valvular disease, and weight
loss (Supplementary Table 3).

2.6 Statistical analysis

All analyses were performed on the provided NIS population
(268,595 individuals), and P-values were calculated for the weighted
population (1,335,681 individuals). Descriptive statistics were
generated on frequencies and proportions of categorical variables
(gender, type of admission, race, insurance status, median zip code
household income, hospital teaching status, hospital region, hospital
bed size, ECI, and type of cancer surgery) and stratified according to
PEM occurrence. Means were reported for continuously coded
variables (age). Chi-square tests were applied to compare the
statistical significance of differences within categorical variables.
Temporal trends in rates were analyzed by the estimated annual
percent change (EAPC) using linear regression analyses. To further
investigate the relationship between PEM and outcomes after MCS,
we used multivariable logistic regression models adjusted for age, sex,
race, type of insurance, elective status, income quartile, hospital type,
hospital region, hospital bed size, ECI, and surgical type. Subgroup
analyses stratified by surgical type were applied. Sensitivity analyses
were performed to test the robustness of our findings. We reassessed
the relationship between PEM and clinical outcomes in patients
undergoing MCS based on a double robust inverse probability of
treatment weighting method (22). The probability of treatment or
propensity score was calculated using multivariable logistic regression
models adjusted for the aforementioned variables. All statistical
analyses were performed using SAS software version 9.4 (SAS
Institute, Cary, NC). Statistical significance was defined as a P-value
< 0.05 on two-tailed testing.

3 Results
3.1 Baseline descriptive statistics

A total of 268,595 (weighted 1,335,681) patients who underwent
MCS were selected from 2009 to 2015 of NIS database. Among them,
7.1% of patients had PEM. Patient with PEM were older, more likely
to be female, higher percentage of black subjects, more likely to have
Medicare as their primary health insurance and a lower income
(Table 1). It was not surprising that patients with PEM had a
higher comorbidity burden with a greater proportion of patients
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with ECI > 3 (77.39% vs. 28.78%, P < 0.0001) (Table 1). As shown in
Supplementary Table 3, almost all of the Elixhauser comorbid
conditions were statistically significant between patients who
underwent MCS with and without PEM (P < 0.05 for all).

Concerning the type and admission of surgery, patients with PEM
had lower proportion of elective admission (53.38% vs. 85.61%, P <
0.0001) with highest proportion of colectomy (51.44%), followed by
pancreatectomy (13.47%), lung resection (12.02%), gastrectomy
(9.39%), cystectomy (6.17%), esophagectomy (3.87%), hysterectomy
(2.66%) and prostatectomy (0.98%) (Table 1). Patients who
underwent operations for gastrointestinal (GI) cancers had the
highest prevalence of PEM. Esophageal cancer ranked first
(24.6502%), gastric cancer ranked second (22.029%), followed by
pancreatic cancer (19.7319%), and colon cancer (15.1097%). Patients
treated surgically for lung cancer (4.9766%) and bladder cancer
(9.6109%) had moderate rates of PEM. Patients who underwent
operations for uterine cancer (1.5188%) and prostate cancer
(0.2171%) had the lowest rates of PEM (Figure 1).

3.2 Temporal trends of PEM, mortality and
major complications

Over the entire study period, temporal trend analyses showed that
the EAPC of PEM was +7.17% (95% confidence interval [CI]: 4-10.44;
P = 0.0019) (Figure 2). During the same period, the EAPC of
mortality in patients with PEM was -4.52% (95% CI: -6.58-2.41, P
< 0.01) while the EAPC of mortality in patients without PEM was
-421% (95% CI: -6.68-1.68, P < 0.01) (Figure 3). Meanwhile, the
EAPC of major complications in patients with PEM was -1.21% (95%
CI: -1.85-0.56, P = 0.0048), and the EAPC of major complications in
patients without PEM showed no significant change (EAPC = 1.45,
95% CI: -0.43-3.36, P = 0.1046) (Figure 4).

3.3 Perioperative outcomes after MCS in
patient with PEM

Patients with PEM had poorer perioperative outcomes after MCS.
The mortality rate was 7.77% in patients with PEM, which was 2.26-
fold higher than those without PEM (1.19%) (odds ratio [OR]= 2.26,
95% CI: 2.08-2.44, P<0.0001) (Table 2). Moreover, PEM was
associated with higher total cost ($35814 vs. $16825, P < 0.0001)
and longer LOS (14 days vs. 4 days, P < 0.0001) (Table 2).

Considering major complications, PEM group showed a 2.46-fold
increase of risk when compared with non-PEM group (OR=2.46, 95%
CI: 2.36-2.56, P < 0.0001) (Table 2). More specifically, renal failure
(22.91%), pneumonia (21.64%), adult respiratory distress syndrome
(14.23%), and septic shock (10.43%) were most common in the PEM
group. When compared with non-PEM group, patients with PEM had
higher risk of septic shock (OR=3.55, 95%CI: 3.28-3.86) and sepsis
(OR=3.08, 95%CI: 2.82-3.36), followed by pneumonia (OR=2.52, 95%
CI: 2.40-2.65), adult respiratory distress syndrome (OR= 2.51, 95%ClI:
2.36-2.68), renal failure (OR=1.98, 95%CI: 1.89-2.07), acute ischemic
stroke (OR=1.98, 95%CI: 1.68-2.33), cardiac arrest (OR=1.88, 95%CI:
1.61-2.20), pulmonary embolism (OR=1.62, 95%CI: 1.44-1.82) and
acute myocardial infarction (OR=1.44, 95%CI: 1.28-1.62). Moreover,
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TABLE 1 Baseline characteristics in patients undergoing major cancer surgery with and without PEM.

Variables With PEM Without PEM
(N=19201, %) (N=249394, %)
Mean age (SE) 69.67(0.12) 64.92(0.06) <0.0001
Female 8831(45.99) 94160(37.76) <0.0001
Elective admission 10250(53.38) 213499(85.61) <0.0001
Race <0.0001
White 13051(67.97) 173797(69.69)
Black 2251(11.72) 24716(9.91)
Hispanic 1109(5.78) 14459(5.80)
Other 1061(5.53) 13353(5.35)
Unknown 1729(9.00) 23069(9.25)
Type of insurance <0.0001
Medicare 12542(65.32) 120503(48.32)
Medicaid 1412(7.35) 12054(4.83)
Private 4239(22.08) 105314(42.23)
Others 1008(5.25) 11523(4.62)
Income quartile <0.0001
0-25th 5551(28.91) 56643(22.71)
26-50th 5031(26.20) 61041(24.48)
51-75th 4556(23.73) 62358(25.00)
76-100th 4063(21.16) 69352(27.81)
Hospital type <0.0001
Rural 1507(7.85) 15244(6.11)
Urban non-teaching 5711(29.74) 66993(26.86)
Urban teaching 11983(62.41) 167157(67.03)
Hospital region 0.0002
Northeast 3229(16.82) 51167(20.52)
Midwest 5088(26.50) 60821(24.39)
South 7238(37.70) 89298(35.81)
West 3646(18.99) 48108(19.29)
Hospital bed size 0.0247
Small 2040(10.62) 29171(11.70)
Medium 4525(23.57) 54208(21.74)
Large 12636(65.81) 166015(66.57)
ECI <0.0001
0 41(0.21) 52898(21.21)
1 1259(6.56) 69003(27.67)
2 3042(15.84) 55719(22.34)
>3 14859(77.39) 71774(28.78)
Cancer surgical type <0.0001
Colectomy 9877(51.44) 55450(22.23)
(Continued)
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TABLE 1 Continued

Variables With PEM Without PEM
(N=19201, %) (N=249394, %)

Cystectomy 1185(6.17) 11112(4.46)
Esophagectomy 743(3.87) 2272(0.91)
Gastrectomy 1803(9.39) 6367(2.55)
Lung resection 2308(12.02) 43950(17.62)
Hysterectomy 511(2.66) 33048(13.25)
Pancreatectomy 2586(13.47) 10513(4.22)
Prostatectomy 188(0.98) 86682(34.76)

SE, standard error; ECI, Elixhauser comorbidity index; PEM, protein-energy malnutrition.

patients with PEM showed a 2.62-fold increase in the need for
mechanical ventilation after MCS compared with patients without
PEM (OR=2.62, 95%CL: 2.47-2.77, P < 0.0001) (Table 2).

3.4 The influence of surgical type on
perioperative outcomes

In order to investigate the influence of surgical type on the
perioperative outcomes of PEM patients, subgroup analysis was
conducted. The rate of mortality varied among surgical types
(Supplementary Table 4). PEM patients underwent lung resection
(10.27%) and colectomy (8.35%) had the highest mortality rate while
those underwent prostatectomy had the lowest mortality (1.6%).

The risk of mortality and major complications also varied among
surgical types. Patients with PEM underwent prostatectomy had the
highest risk of mortality (OR=13.59, 95%CI: 3.26-56.65), and major

complications (OR=7.34, 95%CI: 5.18-10.38), followed by patients
underwent hysterectomy (mortality: OR=9.81; major complications,
OR=5.38) and lung resection (mortality: OR=4.64; major
complications, OR=3.49), which were all non-GI operations
(Table 3). On the other hand, gastrointestinal operations, such as
colectomy, esophagectomy, gastrectomy, pancreatectomy and
cystectomy, had relatively lower risk (1-2 folds) of perioperative
mortality in patients with PEM (Table 3).

3.5 Sensitivity analysis

In order to eliminate the influence of residual confounders on the
robustness of the results, a sensitivity analysis was conducted. All the
results, including mortality, major complications, total costs, and LOS
remained statistically significant after the double robust inverse
probability of treatment weighting method (Supplementary Table 5).
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Prevalence of PEM classified by cancer surgery type between 2009 and 2015 in the United States.
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Prevalence of PEM in patients undergoing major cancer surgery
patients between 2009 and 2015 in the United States.
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Mortality in patients with and without PEM between 2009 and 2015 in
the United States.

—— PEM

- 50 —— No PEM
@

S 40

5

= 30

£

8 201

S,

(] _ —— =, —
= 10

c T T T T T T T
2009 2010 2011 2012 2013 2014 2015
Year

FIGURE 4

Major complications in patients with and without PEM between 2009
and 2015 in the United States.

4 Discussion

In the present study, we found the rate of PEM in patients
underwent MSC was 7.1% by analyzing data of more than 1 million
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patients from NIS database. Patients with PEM were older, more
likely to be female, higher percentage of black subjects, a lower
income, lower proportion of elective admission and higher
proportion of operations for GI cancers. The EAPC of PEM was
+7.17%. PEM patients had higher risk of mortality and major
complications, as well as higher total cost and longer LOS when
compared with non-PEM patients after MCS. PEM patients who
underwent lung resection and colectomy had the highest mortality
rate while PEM significantly increased the risk of mortality and major
complications in those underwent prostatectomy, hysterectomy and
lung resection.

PEM is a common problem in cancer patients and has been
recognized as a poor prognostic factor of postoperative complications
and death (23). In the past decade, early identification and prevention
of PEM have attracted increasing attention, many screening tools for
malnutrition and guidelines for clinical nutrition in cancer have been
advanced (24). In the present study, we reported that the prevalence
of PEM in patients undergoing MCS was 7.1% (Table 1), which is
much lower than other reports to focus on the prevalence of
malnutrition in patients with cancer (20-70%) (8). The
inconsistency of PEM prevalence was contributing to difference of
cancer stage, cancer type and patient age (25). It is reported that the
prevalence of moderate and severe malnutrition in stage IIT and IV
patients was 79%, which is significantly higher than in stage I and II
patients (3%) (26). Since relatively early-stage cancers are indicated
for surgery, the impact of cancer on nutrition for those who undergo
MCS is less than those in the late stages of cancer. Our study also
indicated that subjects with relative early-stage cancer and PEM were
more likely to be older, female, black, have low incomes, receive the
operation in rural, urban non-teaching hospitals and lower-volume
centers, and have more comorbidities, and were less likely on private
insurance (Table 1). The difference in PEM rates among patients with
different races, income statuses, properties and regions of hospitals,
and types of insurance may be attributable to socioeconomic factors.
Concerning female PEM patients, accumulating evidence suggests
that vitamin disbalance play an important role in women’s health and
nutraceutical supplementation is an effective way to improve the
situation (27, 28). Our results highlight the importance of targeting
such groups who are susceptible to malnutrition and may lack
nutrition support.

As cancer-related malnutrition is still largely unidentified,
underestimated, and undertreated in clinical practice, many
screening tools have been recommended. Groups including the
European Society for Clinical Nutrition and Metabolism and the
American Cancer Society have been developing guidelines regarding
nutrition in cancer patients (29, 30). Our study revealed that the
prevalence of PEM among patients for MCS was continuously risen.
As the importance of assessing nutritional status before cancer
surgery has gained more notice by surgeons, there is reason to
believe that the increasing prevalence of PEM is owing to
improvements in its detection rate. Meanwhile, the mortality rate in
both the PEM and non-PEM groups decreased from 2009 to 2015,
and the EAPC of mortality was -4.52 and -4.21%, respectively, which
implies the rate of mortality decrease seen in the PEM group exceeds
that of the non-PEM group. Notably, other studies have also shown a
decreasing trend in mortality after MCS from 1999 to 2009, with a
reported EAPC of -2.4%. During the same period, the overall
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TABLE 2 Comparison of clinical outcomes following major cancer surgery in patients with and without PEM.

Event rates (%)

Outcomes Adjusted OR (95%CI)*
With PEM Without PEM

Mortality 1491(7.77) 2960(1.19) 2.26(2.08,2.44) <0.0001

Major complications 8850(46.09) 26671(10.69) 2.46(2.36,2.56) <0.0001
Pneumonia 4155(21.64) 11307(4.53) 2.52(2.40,2.65) <0.0001
Pulmonary embolism 541(2.82) 1523(0.61) 1.62(1.44,1.82) <0.0001
Renal failure 4398(22.91) 12131(4.86) 1.98(1.89,2.07) <0.0001
Acute ischemic stroke 246(1.28) 662(0.27) 1.98(1.68,2.33) <0.0001
Acute myocardial infarction 446(2.32) 1482(0.59) 1.44(1.28,1.62) <0.0001
Cardiac arrest 283(1.47) 822(0.33) 1.88(1.61,2.20) <0.0001
Adult respiratory distress syndrome 2733(14.23) 5784(2.32) 2.51(2.36,2.68) <0.0001
Sepsis 1272(6.62) 1895(0.76) 3.08(2.82,3.36) <0.0001
Septic shock 2002(10.43) 2590(1.04) 3.55(3.28,3.86) <0.0001

Mechanical Ventilation 3698(19.26) 8125(3.26) 2.62(2.47,2.77) <0.0001

Total cost, median (IQR) 35814(22292, 59579) 16825(11393, 24164) 0.39 <0.0001

Length of stay, median (IQR) 14(9,21) 4(2,7) 0.44 <0.0001

PEM, protein-energy malnutrition; IQR, interquartile range; OR, odds ratio; CI, confidence interval.

”Adjusted for age, sex, race, type of insurance, elective status, income quartile, hospital type, hospital region, hospital bed size, Elixhauser comorbidity index and surgical type.

mortality in all patients undergoing MCS was 2% (31). This study
extends this knowledge. Meanwhile, a declining EAPC of major
complications is only seen in the PEM group (-1.21%, 95% CI
[-1.85-0.56], P < 0.01). This suggests that improved methods for
the identification, prevention, and treatment of malnutrition in
cancer patients have already made some difference.

Despite great advances in surgical techniques, postoperative
recovery of cancer patients is tortuous, where malnutrition plays a
major role (32). Our nationwide data analysis revealed that patients
with PEM had a 2.26-fold risk of mortality compared to those without
PEM after MCS, which was consistent with previous studies focusing
on one specific cancer. Data analysis based on American College of
Surgeons-National Surgical Quality Improvement Program from

TABLE 3 Subgroup analysis according to cancer surgical type.

2009 to 2013 indicated that patients with mild hypoalbuminemia,
an indicator for malnutrition, had significantly higher postoperative
mortality rates of colorectal cancer than those with normal albumin
levels (OR=1.74; P < 0.001) (33). Furthermore, we made subgroup
analysis to explore the influence of surgical type on mortality of PEM
patients. Noteworthily, PEM patients had significantly high risk of
mortality when undergoing non-GI surgery, including prostatectomy,
hysterectomy and lung resection (Table 3). It is reasonable that
malnutrition is more common in patients with GI cancers due to
GI side effects of nausea, vomiting, anorexia, diarrhea, dysphagia, and
malabsorption (34). However, once PEM occurs in patients with non-
GI cancers, it always means that the patient’s physical condition is
very poor; therefore, the impact of PEM may be more pronounced in

Surgical type Mortality Major complications Total cost LOS
OR(95%Cl)"* OR(95%CI)* Coefficient” Coefficient”

Colectomy 2.05(1.86,2.26) 2.34(2.22,2.46) 0.39 0.38
Cystectomy 2.08(1.46,2.97) 3.04(2.64,3.51) 0.41 0.56
Esophagectomy 1.48(0.98,2.22) 1.86(1.52,2.27) 0.25 0.29
Gastrectomy 1.83(1.42,2.37) 2.01(1.77,2.28) 0.29 0.32
Hysterectomy 9.81(6.05,15.93) 5.38(4.36,6.63) 0.74 1.16
Lung resection 4.64(3.89,5.53) 3.49(3.17,3.84) 0.51 0.59
Pancreatectomy 1.51(1.21,1.87) 1.96(1.76,2.19) 0.29 0.37
Prostatectomy 13.59(3.26,56.65) 7.34(5.18,10.38) 0.65 1.14
OR, odds ratio; LOS, length of stay; CI, confidence interval.

*Adjusted for age, sex, race, type of insurance, elective status, income quartile, hospital type, hospital region, hospital bed size and Elixhauser comorbidity index.
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such cases. Besides, it is reported that prostate cancers and cancers
involving uterine corpus are generally diagnosed at lower stages and
grades. In contrast, esophageal cancer and pancreatic cancer are
generally diagnosed at later stages and are related to lower survival
rates (4), which might also partially explain the strong effects of PEM
on prostatectomy and hysterectomy as well as its relatively weak
effects on esophagectomy and pancreatectomy. This suggests more
attention should be paid to non-GI cancer patients with PEM whose
nutritional statuses are always less noticed than GI cancer patients.
Urgent and appropriate nutritional supplements should be
administered to patients with PEM, thereby correcting PEM and
improving their prognosis.

Apart from mortality, major complications play the key roles in
perioperative recovery, hospital stay and total cost of cancer patients
(35). Our study indicated that patients with PEM have a 2.46-fold
increased risk of overall major complications compared to those
without PEM after MCS (Table 2). It is worth noting that the
highest OR related to PEM was sepsis (OR=3.08) and septic shock
(OR=3.55), which was consistent with previous report (1). Cancer
patients are considered to have baseline immunosuppression (36),
and PEM worsens this condition, which inclines patients to
immunologic deficiency due to protein deficiency and lack of
immune mediators and consequently predisposes patients to
susceptibility to infection (37). Sepsis always results in massive
catabolism, characterized by the depletion of protein, fat, and
glycogen energy reserves. It is common for patients with sepsis to
experience muscle wasting and weight loss, which further causes or
worsens malnutrition (38). Therefore, early screening of PEM and
monitoring for infection symptoms, signs, and laboratory findings are
crucial for cancer patients undergoing surgery. Furthermore, there
was a higher risk of pneumonia (OR=2.52), adult respiratory distress
syndrome (2.51), and mechanical ventilation (OR=2.62) in patients
with PEM after MCS, which were resulted mainly from PEM-induced
muscle weakness and PEM-related immunologic deficiency (39, 40).
Also, higher risk of cardiac complications (acute myocardial
infarction, cardiac arrest) were also observed from our study, which
may result from high levels of inflammation and the progression of
atherosclerosis (41) as well as cardiac structural alterations and the
occurrence of heart failure (42).

There are several limitations of our study. First, the use of ICD-9-
CM codes to identify these procedures and events relies largely on
coding accuracy, which could be assigned erroneously. As PEM has
not been rigorously validated in the NIS, if the misclassification
occurs, it is impossible to access individual patient charts to
confirm the diagnosis, which inevitably results in bias. Second, the
NIS data set does not provide information for tumor stage and grade,
laboratory values, or other cancer-related treatment received by the
patients, which made it impossible to evaluating these parameters on
outcomes. Third, the NIS data does not provide consistent surgeon
identification, and there is a possible relationship between outcomes
after MCS and the experience and practice patterns of surgeons or
institutions. Fourth, as the information after discharge is not available
from the NIS, the post-discharge outcomes could not be evaluated.
Fifth, since the heterogenous patients and the restrictions of NIS
database, it is not possible to extrapolate the information for each
single cancer surgery. Despite these shortcomings, the NIS is a large
and reliable database containing hospitalized patient data from over
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4,000 hospitals in over 30 states in the United States, and temporal
trend analyses are performed during a 6-year time span, which affords
more power to the study. Moreover, the database has been widely
applied in other retrospective studies. In addition, the impact of PEM
on outcomes is independent of confounding variables in the
multivariable and double robust inverse probability of treatment
weighting method. Also, we investigate the influence of surgical
type on perioperative outcomes, aiming to provide more
comprehensive information concerning surgical type and relating
outcome. Since the present study was observational, prospective
studies are needed to verify the impact of PEM on worse outcomes
after MCS.

In conclusion, we found PEM had severe impact on mortality,
major complications, total cost and LOS of cancer patients underwent
MCS by analyzing data of more than one million patients. PEM
patients who underwent lung resection and colectomy had the highest
mortality rate while PEM significantly increased the risk of mortality
and major complications in those underwent prostatectomy,
hysterectomy and lung resection. Also, we discovered consistently
increasing PEM rates and the conversely decreasing EAPC of both
mortality and major complications in the PEM group undergoing
MCS from 2009 to 2015, which are likely the result of improved
screening tools, evolving guidelines, and better management. Prompt
recognition of PEM and the initiation of appropriate nutrition
therapy is essential to achieve better outcomes after MCS.
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Background: Surgery is the sole curative therapy for gallbladder cancer (GBC)
patients. Confronting an aging society, the demand to treat elderly patients with
GBC is increasing. But there are few reports on survival benefit in elderly GBC
patients treated with surgery. Therefore, we designed this population-based study
to assess the survival benefit of surgery in GBC patients aged 70 years or older.

Methods: GBC patients aged 70 years or older were identified in the surveillance,
epidemiology, and end results cancer (SEER) database from 2010 to 2017. A 1:1
propensity score matching (PSM) analysis was conducted to balance the baseline
data of patients. Overall survival (OS) and cancer-specific survival (CSS) of
patients were evaluated by Kaplan-Meier analysis and compared with log-rank
test. Independent risk factors associated with OS and CSS were determined by
univariate and multivariate Cox proportional hazard regression analyses and
subgroup analysis were performed.

Results: A total of 2055 GBC patients aged 70 years or older were included in our
study, with 1734 patients underwent surgery. Before PSM, the age, AJCC stage,
TNM stage, and chemotherapy were significantly different between the surgery
and no-surgery group (all P<0.05). Patients with surgery had significantly longer
OS and CSS than those without surgery (P<0.0001). After 1:1 PSM, the differences
in clinicopathological characteristics were reduced (all P>0.05). Kaplan-Meier
analysis also showed patients received surgery had significantly better OS and
CSS (P<0.0001). Subgroup analysis further indicated that almost all subgroups
received surgery had OS and CSS advantage, especially patients aged 70-84
years old. Finally, univariate and multivariate COX regression analyses showed
that age, AJCC stage and T stage were independent prognostic factors for OS
and CSS in patients undergoing surgery.
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Conclusion: Our study found that surgery significantly improved OS and CSS in
GBC patients aged 70-84 years, but more prospective studies are needed to

prove our findings.

KEYWORDS

PSM, old age, SEER database, OS, CSS, gallbladder cancer

1 Introduction

Gallbladder cancer (GBC) is a rare tumor ranking sixth among
most common gastrointestinal cancer, and the most prevalent
cancer of biliary tract (1, 2). The estimated number of new GBC
cases was 115,949, representing 0.6% of all cancer cases in 2020 (3).
It is well known that gallbladder adenocarcinoma (GBAC) is the
most common pathological type of gallbladder cancer. The elderly
patients account for the vast majority of patients with gallbladder
cancer, previous study showed that the median age of GBC patients
was 71 years (4). The prognosis of patients with gallbladder cancer
deteriorates with age, the increasing incidence and mortality rates
were primarily observed in men>60 years and in women>70 years
of age (5). Surgery is the first line of treatment for gallbladder cancer
patients (6). Currently, there have not been standard treatment
guidelines for GBC in the elderly patients. Treatment in these
patients remains a complicated issue because of the limited
evidence, pre-existing disease, and adverse drug reactions, which
lead to either undertreatment or overtreatment. Study
demonstrated that complication rates, length of hospital stay, and
intensive care unit admissions increased with patient age (7). The
benefit of surgery for the old population has been discussed, but the
results were contradictory (8-10). Several studies have also shown
that age is a risk factor for prognosis in patients undergoing surgery
for gallbladder cancer (11, 12). Thus, whether elderly patients with
gallbladder cancer can benefit from surgical treatment or not is a
topic worth exploring.

Therefore, in the current study, we extracted data of elderly
patients with gallbladder cancer from the Surveillance,
Epidemiology, and End Results (SEER) database, in order to
clarify the impact of surgery on elderly GBC patients (=70
years old).

2 Materials and methods
2.1 Patient selection

The patient data were obtained from the SEER database, which
is openly accessible and freely available for researchers. We used the
SEER*Stat software with a data user agreement, the International
Classification of Diseases for Oncology, 3rd Edition (ICD-O-3)
Code C23.9 was used as a reference for selection. The inclusion
criteria were as follows: Patients diagnosed with GBC between
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2010-2017. The diagnosis was confirmed by positive histology,
and the type of reporting source was not autopsy or death
certificate. Patients diagnosed as non-adenocarcinoma, younger
than 70 years old, survival time less than 1 month, lacking data
about pathological diagnosis, TNM stage and survival were
excluded. The data for patients’ sex, age, marital status, race,
AJCC stage, TNM stage, surgery status, radiation status and
chemotherapy status were identified. Our detailed workflow was
shown in Figure 1.

2.2 Statistical analysis

Clinicopathological characteristics were compared between
surgery and no-surgery group by Chi-square and Fisher’s exact
probability tests. Overall survival (OS) was defined as the time from
the date of diagnosis to the date of death due to any cause or the last
follow-up. Cancer cause-specific survival (CSS) was defined as the
time from the date of diagnosis to the date of death from cancer.
Univariate and multivariate Cox proportional risk regression
analyses were applied to identifying independent risk factors on
survival of GBC patients. Survival analysis was accomplished by the
Kaplan-Meier method and the log-rank test. Propensity score
matching (PSM) was conducted to calibrate the effects of the
baseline data differences. All the statistical analyses and graphics
were performed with the R statistical software.

3 Results
3.1 Characteristics of patients

Among 8583 GBC patients originally identified from SEER
database, cases of 1734 patients treated with surgery and 321
without surgery from 2010 to 2017 were included in our study.
The clinicopathological characteristics between two groups before
PSM were summarized in Table 1. A majority were female in both
surgery and no-surgery group (67.99% vs 69.78%, P=0.571), and
most of them were White (80.22% vs 76.95%, P=0.237). The
proportion of patients aged 75-85 years was higher in surgery
group compared with no-surgery group (72.43% vs 63.24%,
P=0.005). In total, 18.4% of the patients with surgery versus
72.59% of those without surgery were AJCCIV(P<0.001).
Compared with patients underwent surgery, significantly more
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Patients with GBC between 2010 and 2017
(n=8583)

10.3389/fonc.2023.1083618

Exclude:

(1) Non Adenocarcinoma (n=2893);

(2) younger than 70 years old (n=2729);

(3) Non pathological diagnosis (n=189);

(4) the TNM is unknown (n= 494),

(5) survival time less than 1 month or unknown (n=223).

v

Cases included in the study
Cohort 1, before PSM, (n=2055)

Propensity Score Matching(1:1)

Cases included in analysis of survival and subgroup
Cohort 2, after PSM, (n=496)

FIGURE 1
Enrollment flow chart of eligible patients in the present study.

patients in no-surgery group had TNM clinical stage of T4 (12.46%
vs 1.85%, P < 0.001), N2 (9.97% vs 2.77%, P < 0.001), and M1
(64.80% vs 15.80%, P < 0.001). The PSM method was used to
balance all characteristics, including sex, age, marital status, race,
AJCC, TNM stage, chemotherapy, radiotherapy, and chemotherapy
between surgery and no-surgery groups. And a total of 248 surgery
patients were matched with 248 no-surgery patients (1:1). The

clinicopathological characteristics were shown in Table 2. Most of
the patients were female in both surgery and no-surgery group
(68.15% vs 70.97%, P= 0.558). Approximately 62% patients were
aged 70-79 years in both two groups (P=0.146). AJCCIVtumors
(65.73% vs 64.52%, P = 0.565) as well as TNM clinical stage of T4
(7.66% vs 6.45%, P < 0.726), N2 (9.27% vs 8.06%, P < 0.213), and
M1 (56.45% vs 57.26%, P=0.928) were balanced in two groups.

TABLE 1 Clinical characteristics of elderly patients with GBC before propensity score matching.

Characters No surgery (n=321) Surgery (n=1734)
Sex ‘ ‘ 0.571
Male 97 (30.22) 555 (32.01)
Female 224 (69.78) 1179 (67.99)
Age ‘ ‘ 0.005
70-74 118 (36.76) 478 (27.57)
75-79 84 (26.17) 461 (26.59)
80-84 69 (21.50) 435 (25.09)
>85 50 (15.58) 360 (20.76)
Marital ‘ ‘ 0.191
No 165 (51.40) 963 (55.54)
Married 156 (48.60) 771 (44.46)
Race ‘ ‘ 0.237
White 247 (76.95) 1391 (80.22)
Black 39 (12.15) 159 (9.17)
Other 35 (10.90) 184 (10.61)
(Continued)
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TABLE 1 Continued

Characters No surgery (n=321) Surgery (n=1734)
AJCC <0.001
I 6 (1.87) 222 (12.80)
il 1(0.31) 636 (36.68)
111 81 (25.23) 557 (32.12)
v 233 (72.59) 319 (18.40)
T <0.001
T1 41 (12.77) 244 (14.07)
T2 7 (2.18) 898 (51.79)
T3 233 (72.59) 560 (32.30)
T4 40 (12.46) 32 (1.85)
‘ N <0.001
NO 199 (61.99) 1313 (75.72)
N1 90 (28.04) 373 (21.51)
N2 32 (9.97) 48 (2.77)
‘ M <0.001
Mo 113 (35.20) 1460 (84.20)
M1 208 (64.80) 274 (15.80)
‘ Radiation 0.503
No/Unknown 282 (87.85) 1496 (86.27)
Yes 39 (12.15) 238 (13.73)
‘ Chemotherapy <0.001
No/Unknown 147 (45.79) 1262 (72.78)
Yes 174 (54.21) 472 (27.22)
months 4.00 (2.00, 10.00) 17.00 (6.00, 38.00) <0.001

TABLE 2 Clinical characteristics of elderly patients with GBC after propensity score matching.

Characters No surgery (n=248) Surgery (n=248)
Sex 0.558
Male 72 (29.03) 79 (31.85)
Female 176 (70.97) 169 (68.15)
Age 0.146
70-74 79 (31.85) 78 (31.45)
75-79 75 (30.24) 76 (30.65)
80-84 55 (22.18) 70 (28.23)
>85 39 (15.73) 24 (9.68)
Marital 0.999
No 131 (52.82) 131 (52.82)
(Continued)
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Characters No surgery (n=248) Surgery (n=248)
Married 117 (47.18) 117 (47.18)
Race 0.749
White 192 (77.42) 192 (77.42)
Black 27 (10.89) 23 (9.27)
Other 29 (11.69) 33 (13.31)
AJCC 0.565
I 6 (2.42) 2 (0.81)
I 1 (0.40) 1 (0.40)
111 81 (32.66) 82 (33.06)
v 160 (64.52) 163 (65.73)
T 0.726
T1 20 (8.06) 18 (7.26)
T2 7 (2.82) 11 (4.44)
T3 205 (82.66) 200 (80.65)
T4 16 (6.45) 19 (7.66)
N 0.213
NO 160 (64.52) 141 (56.85)
N1 68 (27.42) 84 (33.87)
N2 20 (8.06) 23 (9.27)
M 0.928
Mo 106 (42.74) 108 (43.55)
M1 142 (57.26) 140 (56.45)
Radiation 0.234
No/Unknown 220 (88.71) 210 (84.68)
Yes 28 (11.29) 38 (15.32)
Chemotherapy 0.928
No/Unknown 130 (52.42) 128 (51.61)
Yes 118 (47.58) 120 (48.39)
months 4.00 (2.00, 9.00) 8.00 (3.00, 18.00) <0.001

Other characteristics, including marital status, race, radiotherapy,
and chemotherapy status also showed no significantly difference
between the two groups (all P>0.05).

3.2 Univariate and multivariate analysis
after propensity score matching

We explored the potential independent prognosis factor for
GBC patients through univariate and multivariate Cox regression
analysis. Multivariate analysis showed that age>85 years old
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(HR=1.661, 95%CI: 1.216-2.268, P=0.001), M1 (HR=1.774, 95%
CI: 1.455-2.163, P<0.001) were significantly associated with poor
OS. Surgery (HR=0.633, 95%CI: 0.527-0.761, P<0.001) and
chemotherapy (HR=0.568, 95%CI: 0.466-0.694, P<0.001) were
significantly associated with better OS (Table 3). The same results
were also observed on the analysis of CSS. Age>85 years old
(HR=1.507, 95%CI: 1.076-2.111), M1 (HR=1.862, 95%CI: 1.504-
2.306, P<0.001) were significantly associated with poor CSS. Surgery
(HR=0.607, 95%CI: 0.498-0.739, P<0.001) and chemotherapy
(HR=0.599, 95%CI: 0.484-0.741, P<0.001) were significantly
associated with better CSS (Table 4).
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TABLE 3 Univariate and multivariate Cox regression analysis of OS after propensity score matching.

Univariate Multivariate
95%Cl 95%Cl
Sex
Male 1.000
Female 1.018 0.836-1.238 0.862
Age
70-74 1.000 1.000
75-79 1.122 0.891-1.413 0.327 0.998 0.791-1.261 0.990
80-84 0.962 0.754-1.229 0.758 0.892 0.691-1.151 0.379
>85 2219 1.643-2.996 <0.001 1.661 1.216-2.268 0.001
‘ Marital
No 1.000 1.000
Married 0.805 0.671-0.966 0.019 0.926 0.767-1.117 0.421
‘ Race
White 1.000
Black 1.044 0.770-1.416 0.779
Other 0.958 0.730-1.257 0.757
‘ AJCC
I 1.000
11 1.070 0.222-5.163 0.933
111 1.184 0.554-2.530 0.663
v 1913 0.902-4.057 0.091
T
Tl 1.000
T2 0.982 0.551-1.749 0.951
T3 1.284 0.911-1.808 0.153
T4 1.071 0.665-1.725 0.777
N
NO 1.000
N1 0.991 0.811-1.211 0.928
N2 1.052 0.758-1.461 0.760
™
MO 1.000 1.000
M1 1.699 1.408-2.048 <0.001 1.774 1.455-2.163 <0.001
‘ Surgery
No 1.000 1.000
Yes 0.616 0.513-0.739 <0.001 0.633 0.527-0.761 <0.001
‘ Radiation
No/Unknown 1.000 1.000
(Continued)
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TABLE 3 Continued

10.3389/fonc.2023.1083618

Univariate Multivariate
95%Cl 95%Cl
Yes 0.542 0.411-0.716 <0.001 0.791 0.590-1.061 0.118
Chemotherapy
No/Unknown 1.000 1.000
Yes 0.577 0.481-0.692 <0.001 0.568 0.466-0.694 <0.001

TABLE 4 Univariate and multivariate Cox regression analysis of CSS after propensity score matching.

Univariate Multivariate
95%Cl 95%Cl
Sex
Male 1.000
Female 1.060 0.857-1.310 0.590
Age
70-74 1.000 1.000
75-79 1.081 0.844-1.384 0.539 0.970 0.755-1.245 0.808
80-84 0.966 0.745-1.253 0.794 0.905 0.69-1.187 0.469
>85 2.036 1.471-2.817 <0.001 1.507 1.076-2.111 0.017
‘ Marital
No 1.000 1.000
Married 0.733 0.602-0.892 0.002 0.837 0.684-1.023 0.083
‘ Race
White 1.000
Black L111 0.810-1.523 0.514
Other 0.837 0.616-1.138 0.257
AJCC
I 1.000
11 0.710 0.083-6.088 0.755
111 1.373 0.562-3.357 0.487
v 2.301 0.949-5.580 0.065
T
T1 1.000
T2 0.968 0.513-1.827 0.920
T3 1.347 0.926-1.958 0.119
T4 1.042 0.616-1.762 0.877
N
NO 1.000
(Continued)
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Univariate Multivariate
95%Cl 95%Cl

N1 0.933 0.751-1.160 0.535

N2 1.045 0.737-1.482 0.804
M

MO 1.000 1.000

M1 1.810 1.479-2.216 <0.001 1.862 1.504-2.306 <0.001
Surgery

No 1.000 1.000

Yes 0.596 0.490-0.726 <0.001 0.607 0.498-0.739 <0.001
Radiation

No/Unknown 1.000 1.000

Yes 0.514 0.378-0.698 <0.001 0.756 0.548-1.044 0.089
Chemotherapy

No/Unknown 1.000 1.000

Yes 0.604 0.497-0.734 <0.001 0.599 -0.484-0.741 <0.001

3.3 Survival analysis of surgery and no-
surgery patients

Before PSM, patients in surgery group had significantly longer
OS and CSS compared with patients in no-surgery group (median
OS: 17 months vs 4 months, P < 0.001; median CSS: 26 months vs 5
months, P < 0.001, Figure 2). After adjusting for variables (sex, age,
marital status, AJCC, TNM stage, radiotherapy and chemotherapy),
surgery group still performed better OS and CSS (median OS: 8

Surgery = No — Yes

months vs 4 months, P < 0.0001; median CSS: 9 months vs 5
months, P < 0.001, Figure 3).

3.4 Subgroup analysis of survival between
surgery and no-surgery patients

Considering the reduction of selection bias, patients were
stratified into subgroups according to the different clinical

Surgery + No = Yes

A B
100% 100%
80% 80%
60% 60%
w 1
a
o 1}
40% 40%
20% 20%
0% Log-rank p <0.0001 0% Log-rank p <0.0001
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time(month) Time(month)
Time-population Time-population
g - 321 25 7 2 1 0 0 g - 321 25 7 2 1 0 0
3 -| 1734 796 411 211 106 44 0 :,:; - 1734 796 411 211 106 44 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time(month) Time(month)

FIGURE 2

Kaplan-Meier curves of OS (A) and CSS (B) of order GBC patients before PSM.
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FIGURE 3

Kaplan-Meier curves of OS (A) and CSS (B) of order GBC patients after PSM.

characteristics, and subgroup analysis were performed (Figure 4).
The results showed that surgery was a protective prognostic factor
for OS in almost all subgroups, including patients aged 70-84 years
old. AJCCIandIIsubgroups presented insignificant differences in OS
between surgery and no-surgery patients because of a small number
of available cases. The CSS subgroup analysis showed that surgical
treatment was a protective factor for DSS survival in the same
subgroups as OS.

3.5 Prognostic factors of patients
undergoing surgery

To further investigate the prognostic factors affecting elderly
patients who underwent surgery, we performed univariate and
multivariate cox regression analyses. The results showed that age,

AJCC stage and T stage were independent risk factors for OS
(Table 5) and CSS (Table 6). In addition, marriage was also an
independent risk factor for OS but not for CSS.

4 Discussion

Surgery remains a fundamental part of GBC management and is
the only potentially curative modality (13). Although many studies
have reported some prognostic factors for GBC patients, including
age, TNM stage, tumor size, adjuvant therapy, and pathological
grade (11, 14-17), there were little data on the survival benefit of
surgery in elderly patients with GBC. This special population was
rarely included in randomized controlled trials that exploring the
effect of surgery. Only a few observational studies have investigated
this problem, but the applicability of the results was limited by the

A Subgroup NoSurgery(%) Surgery(%) HR(95%CI) Pvalue B Subgroup  No Surgery(%)  Surgery(%) HR(95%CI) P value
gll parents 248 (50.00) 248 (50.00) ] 0.62 0(0.510-0.740) <0.001 gll parents 248(50.00) 248(50.00) 2] 0.600 (0.490-0.730) <0.001
ex ex
Male 72(29.03) 79 (31.85) = 0.556 (0.397-0.778) 0.001 Male 72(29.03) 79 (31.85) = 0.546 (0.380-0.786) 0.001
A Female 176 (70.97) 169 (68.15) [ag] 0.642 (0.515-0.800) <0.001 N Female 176 (70.97) 169 (68.15) - 0.621 (0.491-0.785) <0.001
e e
& 70-74 79 (31.85) 78 (31.45) = 0.639 (0.459-0.888) 0.008 & 70-74 79 (31.85) 78 (31.45) (S 0.587 (0.413-0.834) 0.003
75-79 75(30.24) 76 (30.65) = 0.609 (0.438-0.848) 0.003 75-79 75(30.24) 76 (30.65) i 0.620 (0.433-0.886) 0.009
80-84 55(22.18) 70 (28.23) = 0.648 (0.447-0.939) 0.022 80-84 55(22.18) 70 (28.23) = 0.590 (0.398-0.874) 0.008
>8: 39 (15.73) 24(9.68) —— 0.726 (0.432-1.220) 0.227 28! 39(15.73) 24(9.68) —— 0.718 (0.407-1.268) 0.254
Marital Marital
131 (52.82) 131 (52.82) = 0.624 (0.487-0.800) <0.001 No 131 (52.82) 131 (52.82) = 0.611(0.471-0.794) <0.001
Yes 117 (47.18) 117 (47.18) [ 0.608 (0.463-0.799)  <0.001 Yes 117 (47.18) 117 (47.18) i 0.583 (0.432-0.786)  <0.001
Race Race
White 192 (77.42) 192 (77.42) o 0.624 (0.506-0.768)  <0.001 White 192 (77.42) 192 (77.42) ] 0.597 (0.477-0.746)  <0.001
Black 27(10.89) 23(9.27) i 0.436 (0.238-0.797) 0.007 Black 27(10.89) 23(9.27) —— 0.368 (0.195-0.695) 0.002
Other 29 (11.69) 33(1331) —— 0.75 54-1.265) 0.289 Other 29 (11.69) 33(1331) —— 0.939 (0.524-1.682) 0.832
AJCC AJCC
1 6(2.42) 2(081) 0(0-Inf) 0.999 1 6(2.42) 2(081) +—————> 0(0-Inf) 0.999
1l 1(0.40) 1(040) +——————> 0(0-Inf 0.999 il 1(0.40) 1(040) +———> 0.999
1 81 (32.66) 82(33.06) = 0.654 (0.473-0.904) 0.01 1 81 (32.66) 82 (33.06) Lagn] 0.003
. v 160 (64.52) 163 (65.73) ] 0,612 (0.488-0.768)  <0.001 r v 160 (64.52) 163 (65.73) (] <0.001
TI 20(8.06) 18(7.26)  —i 0.260 (0.115-0.588) 0.001 TI 20(8.06) 18(726)  —i 0.002
T2 7(2.82) 11(444) b— 0.108 (0. 459) 0.003 T2 (2.82) 11(444)  b— 0.003
T 205 (82.66) 200 (80.65) Laa 0.682 (0.5 833) <0.001 T 205 (82.66) 200 (80.65) - <0.001
N T4 16 (6.45) 19(7.66) —— 0.670 (0.3 .359) 0.267 N T4 16 (6.45) 19 ( 7.66) —_—— 0.29
\
NO 160 (64.52) 141 (56.85) e 0.630 (0.498-0.798)  <0.001 NO 160 (64.52) 141 (56.85) e 0.609 (0.474-0.782)  <0.001
NI 68 (27.42) 84 (33.87) = 0.638 (0.457-0.890) 0.008 NI 68 (27.42) 84 (33.87) = 0.634 (0.441-0.912) 0.014
N2 20( 8.06) 23(9.27) = 0.386 (0.193-0.771) 0.007 N2 20( 8.06) 23(9.27) —— 0.351 (0.167-0.735) 0.005
M M
Mo 106 (42.74) 108 (43.55) Lol 0.592 (0.446-0.786) <0.001 Mo 106 (42.74) 108 (43.55) = 0.562 (0.412-0.767) <0.001
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Radiation Radiation
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FIGURE 4

Subgroup analysis comparing OS (A) and CSS (B) between surgery and no-surgery order GBC patients.
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TABLE 5 Univariate and multivariate Cox regression analysis of OS for patients underwent surgery.

Univariate Multivariate
95%Cl 95%Cl
Sex
Male 1.000
Female 1.035 0.923-1.161 0.557
Age
70-74 1.000 1.000
75-79 1.187 1.021-1.381 0.025 1.253 1.077-1.458 0.004
80-84 1.315 1.131-1.528 0.000 1412 1.212-1.646 0.000
>85 1.621 1.386-1.896 0.000 1.963 1.668-2.311 0.000
‘ Marital
No 1.000 1.000
Married 0.848 0.761-0.945 0.003 0.892 0.797-0.998 0.046
‘ Race
White 1.000
Black 0.885 0.729-1.075 0.219
Other 0.922 0.772-1.1 0.366
‘ AJCC
I 1.000 1.000
11 1.222 1.005-1.487 0.045 0.959 0.568-1.619 0.875
111 2.436 2.006-2.959 0.000 1.396 0.837-2.328 0.202
v 4.820 3.91-5.941 0.000 2.785 1.377-5.63 0.004
T
Tl 1.000 1.000
T2 1.338 1.12-1.6 0.001 1.279 0.787-2.079 0.321
T3 3.266 2.716-3.927 0.000 2.240 1.393-3.602 0.001
T4 3.954 2.668-5.861 0.000 1.467 0.767-2.807 0.247
K
NO 1.000 1.000
N1 1.404 1.236-1.596 0.000 0.973 0.828-1.145 0.744
N2 2.157 1.588-2.931 0.000 0.879 0.568-1.36 0.562
W
MO 1.000 1.000
M1 3.123 2.716-3.59 0.000 1.238 0.757-2.023 0.395
‘ Radiation
No/Unknown 1.000
Yes 0.857 0.733-1.001 0.052
‘ Chemotherapy
No/Unknown 1.000
Yes 0.945 0.838-1.066 0.356
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TABLE 6 Univariate and multivariate Cox regression analysis of CSS for patients underwent surgery.

Univariate Multivariate
95%Cl 95%Cl
Sex
Male 1.000
Female 1.002 0.876-1.147 0.974
Age
70-74 1.000 1.000
75-79 1.181 0.995-1.402 0.056 1.251 1.053-1.486 0.011
80-84 1.135 0.952-1.354 0.158 1.246 1.042-1.489 0.016
>85 1.256 1.04-1.516 0.018 1.654 1.365-2.004 0.000
‘ Marital
No 1.000
Married 0.910 0.801-1.034 0.148
‘ Race
White 1.000
Black 0.862 0.683-1.087 0.210
Other 0.972 0.792-1.192 0.783
‘ AJCC
I 1.000 1.000
11 1.453 1.11-1.9 0.006 1.698 0.919-3.136 0.999
111 3.434 2.644-4.461 0.000 3.606 1.627-7.993 0.091
v 7.583 5.776-9.956 0.000 1.475 0.834-2.607 0.002
T
Tl 1.000 1.000
T2 1.638 1.29-2.08 0.000 1.475 0.834-2.607 0.182
T3 4.619 3.63-5.878 0.000 2.640 1.512-4.609 0.001
T4 6.209 4.008-9.62 0.000 1.956 0.942-4.062 0.072
K
NO 1.000 1.000
N1 1.518 1.31-1.759 0.000 0.932 0.779-1.115 0.441
N2 2,611 1.881-3.625 0.000 0.880 0.555-1.395 0.587
"
MO 1.000 1.000
M1 3.752 3.218-4.376 0.000 1.257 0.751-2.104 0.384
‘ Radiation
No/Unknown 1.000
Yes 0.935 0.782-1.117 0.460
‘ Chemotherapy
No/Unknown 1.000
Yes 1.114 0.971-1.277 0.123
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small sample sizes (18-20). Hence, we conducted this population-
based study to explore the survival benefit of surgery in GBC
patients aged 70 years or older.

The clinicopathological features and survival outcomes of GBC
patients in surgery and no-surgery group were compared in this study.
We found that patients with better AJCC and TNM stage were more
likely to receive surgery (P<0.001). The AJCC and TNM stage are
essential factors for judging the degree of tumor progression, choosing
treatment decisions, and determining prognosis (21). GBC patients in
advanced stages experienced the lowest rates of survival. Previous
research demonstrated that patients with distant metastasis had higher
mortality risk (HR= 2.392, 95% CI=2.027-2.823, P<.001) (14).
Similarly, the present study showed that patients presented with M1
stage experienced higher mortality risk (for OS, M1 vs M0: HR=1.774;
for CSS, M1 vs M0: HR=1.862, P<0.001). Subgroup analysis according
to AJCC demonstrated that surgery could improve OS and CSS in
elderly patients with AJCC III and IV. However, surgery did not affect
OS and CSS in AJCC I andIIpatients. This might because of the relative
small size of GBC patients with AJCC I andlIlincluded in our study.
Subgroup analysis also indicated that GBC patients aged 70 years or
older with T1-3, any N and M stage could get OS and CSS benefits
from surgery. Thus, the AJCC and TNM stage are helpful in selecting
patients suitable for surgery and evaluating the prognosis for GBC
patients. In addition, our study found that age, AJCC stage, and T stage
were prognostic predictors for elderly patients with gallbladder cancer
who underwent surgery, which is consistent with previous studies (16,
17, 22). This suggests that a detailed assessment of these factors is an
important part of the comprehensive evaluation before receiving
surgical treatment. Notably, our study also found that marriage was
an independent predictor of OS in patients undergoing surgery and it
was not statistically significant for CSS. Patients who are fighting
cancer may benefit from the good experience and emotional support
that come from marriage. These non-disease-induced interferences
were corrected for in the CSS analysis.

In our study, we demonstrated that the cumulative mortality of
GBC patients in surgery group was lower than that of no-surgery
group, as well as after PSM. Multivariate Cox regression analysis
indicated that surgery was a positive predictive factor of OS and CSS
in GBC patients (for OS, HR=0.633, 95% CI=0.527-0.761, P<0.001;
for CSS, HR=0.607, 95% CI=0.498-0.739, P<0.001). Subgroup
analysis according to age was made in our study. Surgery
significantly improved OS and CSS in patients aged 70-84 years
old (P<0.05), but did not enhance survival in patients aged 85 or older
(P>0.05). We assumed that increased age may account for more post-
surgery complications, and the usual poorer nutritional status could
decrease their resistance to complications. Considering their short
remaining survival time, there will be few benefits to perform surgery
in GBC patients aged 285 years, both patients and physicians had
better not take the surgical risks. At the same time, if surgery must be
performed inevitably, risk management is essential. Li P et al. showed
that patients who underwent gallbladder adenocarcinoma resection
older than 65 years may have a relatively poor OS (17). Xu X et al.
demonstrated that GBC patients older than 70 years after surgery
were also inversely correlated with survival (11). Our study provides
further evidence that elderly patients aged 70-84 years with GBC can
still benefit significantly from surgical treatment after a reasonable
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comprehensive evaluation. To our best knowledge, the present study
was the first population-based study that systematically clarify the
effect of surgery on patients over 70 years of age.

Our research has some strengths. First, our research was based on
the SEER database, which collected clinical data from 28% of the US
population. This means that our result is supported by a large amount
of data. Second, compared with previous studies, our research targeted
patients with GBC older than 70 years old. The present study also has
some limitations. First, this was a retrospective study based on the
SEER database, so selective bias was inevitable. Although we adjusted
for confounding bias based on Cox regression, PSM, and subgroup
analysis, these methods still failed to correct for potential unknown
bias. Second, the SEER database lacks many data on factors such as
basic diseases, preoperative physical status, and complications that
may have a significant impact on the choice of treatment methods and
prognosis of patients. More high-quality prospective studies are
needed in the future to validate our conclusions.

5 Conclusion

In conclusion, this study demonstrated that surgery was an
independent prognostic factor of OS and CSS for elderly GBC
patients (=70 years old). For patients of 70-84 years old, surgery was
associated with improved OS and CSS. Future studies of
prospective, randomized and multicenter trials are needed to
validate our finding.
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Associations of
clinicopathological factors with
local treatment and survival
outcome in elderly patients with
ductal carcinoma in situ

Xu Zhang', Yufei Zeng', Zheng Wang, Xiaosong Chen*
and Kunwei Shen*

Department of General Surgery, Comprehensive Breast Health Center, Ruijin Hospital, Shanghai Jiaotong
University School of Medicine, Shanghai, China

Background: Local treatment for ductal carcinoma in situ (DCIS) remains
controversial for elderly patients. This study aims to evaluate the association of
local treatment, clinicopathological factors, and survival in elderly DCIS patients.
Methods: Patients > 60 years diagnosed with DCIS from January 2009 to
December 2018 were retrospectively included. Local treatment including breast
surgery, axillary lymph node (ALN) surgery, and radiotherapy were analyzed
among subgroups (age of 60-69, 70-79, and > 80 years), and their associations
with clinicopathological features and prognostic outcome were further evaluated.
Results: A total of 331 patients were included. Eventually 86 patients received
breast conserving surgery (BCS) and 245 patients received mastectomy. ALN
surgery was omitted in 62 patients. Age and tumor size were independent
factors that influenced the breast and ALN surgery (P<0.05). Compared with
patients aging 60-69, patients >80 years were more likely to receive BCS
(OR 4.28, 95% Cl 1.33-13.78, P=0.015) and be exempt from ALN surgery (OR
0.19, 95% CI 0.05-0.69, P=0.011). Patients with tumor >15cm were
significantly less likely to receive BCS (OR 0.45, 95%Cl 0.25-0.83, P=0.011) and
more likely to receive ALN surgery (OR 4.41, 95%Cl 1.96-10.48, P=0.001)
compared to patients with tumor <1.5cm. Postoperative radiotherapy was
performed in 48.8% patients who received BCS. Age was the only factor
that associated with the radiotherapy decision after BCS in elderly DCIS patients
(P=0.025). No significant recurrence-free survival difference was observed
among patients receiving different local treatments.

Conclusions: Age was related to the choice of local treatment in elderly DCIS
patients, but different treatment patterns didn't impact disease outcome.

KEYWORDS

breast cancer, ductal carcinoma in situ, elderly, surgery, radiotherapy

Abbreviations

ALN, axillary lymph node; ALND, axillary lymph node dissection; ASCO, American Society of Clinical
Oncology; BCS, breast conserving surgery; CAP, College of American Pathologists; DCIS, ductal carcinoma
in situ; ER, estrogen receptor; HER2, human epidermal growth receptor 2; IBTR, loco-regional recurrence;
IDC, invasive ductal carcinoma; IHC, immunohistochemistry; LRR, loco-regional recurrence; PR,
progesterone receptor; RFS, recurrence-free survival; SLNB, sentinel lymph node biopsy.
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Introduction

With the widespread application of screening mammography,
more ductal carcinoma in situ (DCIS) has been detected over the
past few decades. Currently, among all the newly-diagnosed breast
cancer, one fifth was presented as DCIS (1, 2). Although DCIS
was considered a rather indolent lesion itself, approximately 25%
to 50% of them will progress into invasive ductal carcinoma (IDC)
eventually. So far, the treatment backbone for DCIS is still surgery,
in a similar manner as IDC tumor.

Elderly patients usually were presented with more comorbidities,
and have relatively shorter life expectancies (3). Normally, a trend of
treatment de-escalation exists among elderly breast cancer patients.
Elderly patients with DCIS experience lower local recurrence rate
than younger patients (4-6), therefore debate remains about how to
select the optimal treatment for them. Some suggests that active
surveillance may be safe for elderly patients with rather low risk
DCIS, in order to avoid overtreatment and reduce morbidity caused
by surgery. However, others argue that elderly patients had longer
life expectancies now and should be treated with same standard as
younger patients (7). Notably, elderly patients themselves are
heterogeneous, with or without co-existing illness, and different
kinds of illness all render them into different physical condition,
resulting in different tolerance of local treatment. Currently, little is
known regarding the clinical and pathological factors that
contribute to treatment decisions in elderly DCIS patients.

Based on above issue, this study aims to evaluate the current local
treatment patterns of elderly patients with DCIS. Also, we aim to
explore the factors that influence the choice of local treatment and
their associations with prognosis for elderly DCIS patients.

Methods
Study design and patients

Patients treated at the Comprehensive Breast Health Center,
Ruijjin Hospital from January 2009 and December 2018 were
retrospectively reviewed. Elderly patients, defined as those
aged > 60 years, with a diagnosis of pure DCIS who received
surgery with or without postoperative radiotherapy and had a
minimum follow-up time of two years were included in this
study. Main exclusion criteria included histologically proven
invasive disease, metastatic breast cancer, and previously received
treatment for DCIS. Demographic, diagnostic, clinicopathological,
local treatment, follow-up and comorbidity information were
retrieved from Shanghai Jiao Tong University Breast Cancer
Database (SJTU-BCDB).
accordance with the Declaration of Helsinki and was approved

Current study was performed in

by the institutional review board of Ruijin Hospital.

Clinicopathological and follow-up data

All patients included received preoperative x-ray

mammography and breast ultrasound evaluation. Full-field
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digital mammography with cranio-caudal and medio-lateral
oblique views was applied and reviewed by experienced
radiologists. Patients also underwent ultrasound examination
of bilateral breast and axillary lymph nodes. A proportion of
patients received breast MRI evaluation in a prone position on
scanners having a field strength >1.5 T with a specified breast
coil. Initial clinical manifestation at diagnosis were
characterized as mass symptoms including palpable mass on
physical examination or measurable mass on screening
nipple

discharge, or radiographic anomaly such as calcification or

ultrasound, and non-mass symptoms including
distortion on mammography. Patients enrolled received either
mastectomy or breast conserving surgery (BCS) with definitive
(ALN)
surgery, including sentinel lymph node biopsy (SLNB) and
(ALND) was
(ER)

routinely

negative margin (>2 mm). Axillary lymph node

axillary lymph node dissection allowed.
Expression of estrogen
receptor (PR)were

immunohistochemistry (IHC)

receptor and progesterone
detected by
The
American Society of Clinical Oncology (ASCO) and the
(CAP)

recommendations were used as criteria for categorizing ER

in surgical specimens.

College of American Pathologists guideline
and PR status (8). Nuclear grade was characterized into well
differentiated (Grade I), intermediate (Grade II) or poorly
(Grade III).

postoperative treatment including radiotherapy, endocrine

differentiated lesions A recommendation of
therapy, or follow-up for each patient were made by a
multidisciplinary consultation. Patients received BCS were
considered postoperative radiotherapy. Patients with positive
ER status who received BCS were routinely recommend
endocrine therapy. For further subgroup analysis, patients
were divided into different groups according to age: 60-69,
70-79, and >80 years.

Prognostic endpoints in this study included recurrence-free
survival (RFS), defined as time from primary surgery to
recurrence or metastasis of breast cancer, or death from any
cause; and loco-regional recurrence (LRR), defined as time from
surgery to ipsilateral local or regional recurrence of either DCIS
or invasive breast cancer. Last follow-up was completed by July
2021.

Statistical analysis

All statistical analyses were performed using SPSS version 18.0
(SPSS, Inc., Chicago, IL). Statistical analyses included Chi-square
test and multivariate logistic regression with odds ratio (OR)
were used to assess the treatment recommendations in different
patient groups. Time to recurrence was demonstrated by Kaplan-
Meier curve and compared between groups using log-rank test.
Subgroup analyses were performed by age (60-69, 70-79, >80
years old), breast surgery type (BCS or mastectomy), ALN
surgery (yes or no), and radiotherapy (yes or no) following BCS.
All statistical tests were two-tailed and statistical significance was
defined as P <0.05.
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Results

Patient and clinicopathological
characteristics

A total of 331 patients with complete clinicopathological and
follow-up data were included in this study, with 242 (73.1%), 67
(20.3%), and 22 (6.6%) patients aged 60-69, 70-79, and >80 years,
respectively. The mean age was 67.3 years (range, 60-90 years).

Patient and clinicopathological characteristics of the entire
population were summarized in Table 1. A total of 60.4%
patients presented with mass According to
pathology evaluation, 217 patients (65.6%) had tumors < 1.5 cm,
and 222 patients (67.1%) had ER-positive disease. In terms of
biopsy method, 190 patients (57.4%) received core needle biopsy

at diagnosis.

for diagnosis prior to surgery, and 141 (42.6%) patients received
excisional biopsy prior or during surgery. Regarding comorbidity,
208 of 331 patients (62.8%) were accompanied with at least one
co-existing disease (Supplementary Table S1).

Comparison of clinicopathological features among different age
subgroups can also be found in Table 1. There was no significant

10.3389/fsurg.2023.1074980

difference in tumor size, manifestation at diagnosis, biopsy
method, nuclear grade, ER status, and PR status among three age
subgroups (all P> 0.05). While significantly more comorbidities
(P<0.001) and higher Charlson Comorbidity Index (CCI,
P <0.001) were observed in patients aged >80 years.

Comparison of local treatment patterns
among age groups

Local treatment patterns in elderly DCIS patients were listed in
Figure 1. More patients received mastectomy (74.0%) rather than
BCS (26.0%) as breast surgery. ALN surgery was performed in
269 (81.3%) patients, including 219 (66.2%) patients receiving
SLNB and 50 (15.1%) receiving ALND. Among the 86 patients
receiving BCS, only 42 (48.8%) patients were treated with
postoperative radiation.

Local treatment patterns were compared among three age
subgroups (Figure 2). Patients >80 received significantly more
BCS as breast surgery compared with those aged 60-69 (59.1%

vs. 23.1%, P<0.001) and 70-79 vyears (59.1% vs. 25.4%,

TABLE 1 Patient and clinicopathological characteristics according to age subgroups.

Age

Tumor size (cm) 0.358
<1.5 217 (65.6%) 158 (65.3%) 41 (61.2%) 18 (81.8%)

>1.5 114 (34.4) 84 (34.7%) 26 (38.8) 4(18.2)

Manifestation at diagnosis 0.246
Mass 200 (60.4%) 143 (59.1%) 40 (59.7%) 17 (77.3%)

Non-mass 131 (39.6%) 99 (40.9%) 27 (40.3%) 5 (22.7%)

Biopsy method 0.780
Core needle biopsy 190 (57.4%) 141 (58.3%) 36 (53.7%) 13 (59.1%)

Excisional biopsy 141 (42.6%) 101 (41.7%) 31 (46.3%) 9 (40.9%)

Nuclear grade 0.069
Low 78 (23.6%) 54 (22.3%) 18 (26.9%) 6 (27.3%)

Intermediate 139 (42.0%) 93 (38.4%) 32 (47.7%) 14 (63.6%)

High 108 (32.6%) 90 (37.2%) 16 (23.9%) 2 (9.1%)

Unknown 6 (1.8%) 5 (2.1%) 1 (1.5%) 0 (0.0%)

ER status 0.222
Positive 222 (67.1%) 155 (64.0%) 48 (71.6%) 19 (86.4%)

Negative 101 (30.5%) 81 (33.5%) 17 (25.4%) 3 (13.6%)

Unknown 8 (2.4%) 6 (2.5%) 2 (3.0%) 0 (0.0%)

PR status 0.077
Positive 188 (56.8%) 128 (52.9%) 42 (62.7%) 18 (81.8%)

Negative 135 (40.8%) 108 (44.6%) 23 (34.3%) 4 (18.2%)

Unknown 8 (2.4%) 6 (2.5%) 2 (3.0%) 0 (0.0%)

Number of comorbidities <0.001
0 123 (37.2%) 105 (43.3%) 13 (19.4%) 5 (22.7%)

1 112 (33.8%) 80 (33.1%) 26 (38.8%) 6 (27.3%)

>2 96 (29.0%) 57 (23.6%) 28 (41.8%) 11 (50.0%)

cal <0.001
2 195 (58.9%) 195 (80.6%) 0 (0.0%) 0 (0.0%)

3 93 (28.1%) 40 (16.5%) 38 (56.7%) 15 (68.2%)

>4 43 (13.0%) 7 (2.9%) 29 (43.3%) 7 (31.8%)

ER, estrogen receptor; PR, progesterone receptor; CCl, Charlson Comorbidity Index.

Values of statistically significance, defined as P<0.05, were shown in bold.
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n of breast surgery type; (B) distribution of axillary lymph node surgery;

P =0.006). They also received less ALN surgery compared with
patients aged 60-69 (50.0% vs. 16.1%, P <0.001) and 70-79 years
(50.0% vs. 17.9%, P=0.010). For patients receiving BCS, omitting
postoperative radiotherapy were more common in patients > 80
compared with those aged 60-69 (84.6% vs. 42.9%, P =0.007).

Factors influencing breast surgery type

Age, tumor size, and manifestation at diagnosis were all
significantly associated with the choice of breast surgery type
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according to univariate analysis (Supplementary Table S2). The
proportion of patients receiving BCS were significantly different
among 60-69, 70-79, and>80 age subgroups (P=0.001).
Patients with tumor size < 1.5 cm received more BCS than those
17.5%, P=0.011). In
addition, the percentage of BCS was higher in patients presenting

with tumor size >1.5cm (30.4% vs.

with mass at diagnosis than those with non-mass lesion (30.0%
vs. 19.8%, P=0.039).

Multivariate analysis demonstrated that age, tumor size, and
manifestation at diagnosis remained to be independent factors
for breast surgery type choice (Table 2). Compared with
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patients aged 60-69, those aged > 80 were more likely to receive
BCS [odds ratio (OR) 4.28, 95%CI 1.33-13.78; P=0.015].
Patients with tumor > 1.5 cm were less likely to receive BCS
compared with patients who had tumor <1.5cm (OR 0.45,
95%CI 0.25-0.83; P=0.011). Furthermore, BCS was more
commonly performed in patients presenting with mass at
diagnosis than those presenting with non-mass lesion (OR
1.96, 95%CI 1.11-3.45; P=0.021). However, comorbidity and
CCI had no significant effect on breast surgery choice for
elderly patients with DCIS (both P> 0.05).

Factors influencing the choice of ALN
surgery

Regarding axillary evaluation, age, tumor size, and breast biopsy
type were all significantly related with the choice of ALN surgery in
univariate analysis (Supplementary Table S2). Patients >80 were
less likely to receive ALN surgery than those aged 60-69 and 70-79
(50% vs. 83.9% and 82.1%, P <0.001). Patients with tumor >1.5 cm
received more ALN surgery than patients with tumor <1.5cm
(93.9% vs. 74.7%, P<0.001). In addition, ALN surgery was
differently omitted in patients who received core needle biopsy and
those directly received excisional biopsy (12.6% vs. 27.0%, P =0.001).

Multivariate analysis revealed that age, tumor size, and
breast biopsy type all remained to be independent predictors
for performing ALN surgery (all P <0.05, Table 2). Patients >
80 were more often exempt from ALN surgery compared to
those aged 60-69 (OR 0.19, 95%CI 0.05-0.69; P=0.011).
Patients with tumor >1.5 cm were more likely to receive ALN
surgery than patients with tumor <1.5 cm (OR 4.41, 95%CI
1.96-10.48; P=0.001). As for breast biopsy type, excisional
biopsy led to a higher probability to omit ALN surgery
compared with core needle biopsy (OR 0.47, 95%CI 0.25-
0.87; P=0.017).

10.3389/fsurg.2023.1074980

Factors influencing the decision of
radiotherapy following BCS

Postoperative radiotherapy in elderly DCIS patients received BCS
were commonly modified. Age was the only factor that significantly
associated with the choice of radiotherapy following BCS (P = 0.025,
Table 3). Compared with 60-69 age subgroup, patients >80 years
were less likely to receive postoperative radiation (OR 0.14, 95%CI
0.27-0.67; P=0.014). However, comorbidity and CCI were not
associated with the decision of radiotherapy in elderly DCIS
patients who received BCS (both P> 0.05).

Prognostic outcomes according to local
treatment

In the study population, 72 of 331 (21.7%) patients underwent
BCS had ER-positive disease. All these patients received standard
endocrine treatment, among which 27 patients received aromatase
inhibitor and 45 received tamoxifen. After a median follow-up of
52.2 months, 2 (0.6%) LRR events, 4 (1.2%) contralateral breast
cancer, 1 (0.3%) distant metastasis, and 7 (2.1%) deaths were
observed in the cohort (Supplementary Table S3). Among the 7
death events, 1 was breast cancer-related death, and 6 were death
from other causes. RFS was statistically different among 60-69,
70-79, and >80 subgroups (P<0.001, Supplementary
Figure S1A). However, LRR was similar for patients aging 60-69,
70-79, and >80 (P =0.698, Supplementary Figure S1B).

Clinical outcomes were similar among patients receiving
different local treatments (Figure 3). Comparable RFS was
observed between patients receiving mastectomy and BCS (P =
0.146, Figure 3A). Similarly, patients receiving no ALN surgery,
SLNB or ALND had comparable RFS (P =0.363, Figure 3B). For
patients underwent BCS, receiving radiotherapy or not have no
significant impact on RFS (P =0.468, Figure 3C).

TABLE 2 Multivariate analysis of characteristics associated with different surgery types.

Variables Receiving BCS® Receiving ALN surgery®
OR (95% Cl) OR (95% Cl) P

Age 0.030 0.016
70-79 vs. 60-69 years 1.24 (0.46-3.35) 0.669 0.81 (0.25-2.63) 0.720
>80 vs. 60-69 years 4.28 (1.33-13.78) 0.015 0.19 (0.05-0.69) 0.011
Tumor size >1.5 cm vs. < 1.5 cm 0.45 (0.25-0.83) 0.011 4.41 (1.96-10.48) 0.001
Number of comorbidities 0.110 0472
1vs.0 1.55 (0.82-2.95) 0.180 0.67 (0.32-1.38) 0.278
>2vs. 0 2.32 (1.05-5.15) 0.038 0.62 (0.25-1.55) 0.304
CCl 0.811 0.648
3vs. 2 0.75 (0.31-1.80) 0.518 1.40 (0.49-4.01) 0.534
>4 vs. 2 0.74 (0.19-2.80) 0.654 0.97 (0.20-4.64) 0.965
Mass vs. non-mass at diagnosis 1.96 (1.11-3.45) 0.021 0.89 (0.48-1.66) 0.708
Excisional biopsy vs. core needle biopsy 1.11 (0.65-1.91) 0.703 0.47 (0.25-0.87) 0.017

ALN, axillary lymph node.

CCl, Charlson comorbidity index.

°As compared to receiving mastectomy.

®As compared to receiving no ALN surgery.

Values of statistically significance, defined as P<0.05, were shown in bold.
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TABLE 3 Clinicopathological characteristics associated with adjuvant
radiotherapy in patients receiving breast conserving surgery.

Characteristics

Age (years) 0.025
60-69 32 (57.1%) 24 (42.9%)
70-79 8 (47.1%) 9 (52.9%)
>80 2 (15.4%) 11 (84.6%)
Tumor size (cm) 0.254
<15 30 (45.5%) 36 (54.5%)
>1.5 12 (60.0%) 8 (40.0%)
Number of comorbidities 0.095
0 15 (62.5%) 9 (37.5%)
1 16 (53.3%) 14 (46.7%)
>2 11 (34.4%) 21 (65.6%)
CcCl 0.139
2 26 (57.8%) 19 (42.2%)
12 (44.4%) 15 (55.6%)
>4 4 (28.6%) 10 (71.4%)
Manifestation at diagnosis 0.743
Mass 30 (50.0%) 30 (50.0%)
No mass 12 (46.2%) 14 (53.8%)
Nuclear grade 0.701
Low 12 (44.4%) 15 (55.6%)
Intermediate 19 (41.3%) 27 (58.7%)
High 11 (91.7%) 1 (8.3%)
Unknown 0 (0.0%) 1 (100.0%)
ER status 0.113
Positive 8 (66.7%) 4 (33.3%)
Negative 32 (44.4%) 40 (55.6%)
Unknown 2 (100.0%) 0 (0.0%)
PR status 0.303
Positive 9 (52.9%) 8 (47.1%)
Negative 31 (46.3%) 36 (53.7%)
Unknown 2 (100.0%) 0 (0.0%)
CClI, Charlson comorbidity index; ER, estrogen receptor; PR, progesterone

receptor.
Values of statistically significance, defined as P<0.05, were shown in bold.

Discussion

The relatively indolent nature and good prognosis of DCIS

raises concerns on its over—diagnosis and overtreatment,

especially among elderly patients (9, 10). In this study, we found

10.3389/fsurg.2023.1074980

that age rather than comorbidity status significantly influence the
choice of local treatments. Elderly DCIS patients appear to
surgery type
radiotherapy after BCS, but without impaired disease outcome.

receive less aggressive and less adjuvant

Currently it’s acknowledged that DCIS is a precursor lesion to
most, if not all, invasive breast cancer (11). However, this
progression is usually unpredictable and a considerable
percentage of DCIS lesions will never become invasive (2).
Compared with younger DCIS patients, the recurrence rate of
DCIS in older women is lower. Considering limited life
expectancy in elderly patients, less aggressive treatments are
usually recommended (12, 13). However, the appropriate local
treatment for elderly patients with DCIS is still controversial.
Debate remains about the feasibility to choose active monitoring
in substitution for surgery, to omit radiotherapy after BCS, or to
spare axillary evaluation during mastectomy (14). Moreover,
evidence is still scarce regarding factors influencing the choice of
different local treatment.

Surgery is still regarded as the primary treatment for DCIS
Although DCIS patients

mastectomy or breast conserving surgery with equivalent safety

tumors. are eligible for either
and survival benefit (15), more than half of cases in our cohort
underwent mastectomy, which is consistent with previous reports
(16). Bleicher et al. found that older women with DCIS chose
mastectomy over breast-conserving treatment if they have larger
tumor size, lower education level, or consulted greater number of
surgeons, while age and comorbidities did not predict choosing
mastectomy (3). According to our results, patients older than 80
years were more likely to receive BCS than mastectomy.
Moreover, patients with tumor size larger than 1.5cm or
primarily presented with mass symptom were less likely to
receive BCS. This was not unexpected as for larger tumors, as
BCS may be difficult to achieve clear resection margin. Among
in DCIS

including histologic subtype, nuclear grade, and age, etc., margin

well-established risk factors for local recurrence

status was described as the most important one (17, 18).
Although tumor size was not identified as the predicting factor
for LRR in DCIS according to NSABP B-17 or EORTC trials (19,
20), it is anticipated that larger tumor size and non-mass lesion
might indicate an extensive lesion requiring mastectomy to
ensure clear margin status. In this study, more than half (71%)
patients received preoperative breast MRI evaluation, which

- 1 -
100%: 100%: 100%:
Mastectomy 13.2% e e ALND only 15.4% Radiation
BCS SLNB only No radiation
2 0% 40.9% £ 80% None 2 80%
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FIGURE 3
Recurrence-free survival in elderly patients with DCIS by (A) breast surgery; (B) ALN surgery; and (C) radiotherapy following BCS. (BCS, breast conserving
surgery, SLNB, sentinel lymph node biopsy, ALND, axillary lymph node dissection).

Frontiers in Surgery

93

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1074980
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhang et al.

might identify non-mass enhancement beyond target lesion found
by mammography or ultrasound. Application of preoperative MRI
were probably associated with decreased breast-conserving rate in
this study. In addition, co-existing cardiovascular diseases would
raise concern when considering radiotherapy after BCS. Patient’s
preference is an important factor that determine surgery type in
China. Surgery type, BCS or mastectomy, was usually discussed
by patients and her family members. Elderly patients care less
about cosmetics but more about side effects and economics of
radiotherapy. Therefore, mastectomy could be an option (21, 22).

As recommended, mastectomy is routinely accompanied by
axillary evaluation for DCIS cases because subsequent sentinel
lymph node biopsy would be difficult to perform if an invasive
disease was found on postoperative pathological specimen (23).
Especially in patients diagnosed with core needle biopsy since
limited sample may lead to pathological underestimation (24).
Consistently, in our study, compared with patients receiving
excisional biopsy, patients receiving core needle biopsy prior to
surgery were more likely to underwent axillary evaluation. We
also observed that the percentage of patients receiving ALN
surgery were significantly higher in mastectomy subgroup than
BCS subgroup.

Less axillary evaluation was performed in elderly patients
according to our results, especially for those older than 80 years.
Furthermore, our study demonstrated that receiving ALN surgery
or not have no impact on local recurrence. DCIS patients usually
have no clinically detected lymph node. Although the final
pathological diagnosis might be upgraded to invasive cancer,
axillary lymph node metastasis and regional recurrence is still
scarce for DCIS patients (19, 25). We admitted that the
proportion of patients who received ALN surgery is relatively
high. However, the real-world clinical practice in China is
somewhat difficult to follow the treatment standard of DCIS,
which did not recommend routine axillary evaluation for DCIS
patients, especially for those received BCS. Chinese patients
usually refuse a secondary ALN surgery if invasive disease is
detected pathologically after primary surgery. Therefore, most
patients demand ALN evaluation at the same time when they
received breast surgery. Some radical patients request for a total
mastectomy and axillary lymph node dissection even if no
invasive breast cancer was found in preoperative biopsy. Though
there exist the worries on a second surgery or locoregional
recurrence from patients, the rate of upstaging from DCIS to
invasive disease has been reported less than 20%. Most upstaged
disease were Stage IA invasive ductal carcinoma, which have low
risk of nodal metastasis (26). In recent years, we took great effort
in patient education and found that the proportion of ALN
surgery decreased in DCIS patients. Therefore, it is reasonable to
presume ALN surgery could be omitted when performing BCS
for elderly DCIS patients.

The benefit brought by postoperative radiotherapy in DCIS
patients must be carefully weighed against the accompanying
complications (27). With the development of modern radiation
techniques, radiotherapy has been proved to be safe and has
minimal impact on quality of life, and leading to limited
cardiovascular mortality for the elderly (28-30). However,
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worries on deterioration of their comorbidities and inconvenient
daily hospital visits for radiotherapy still trouble specialists and
patients. According to our results, more than half of all patients
were omitted of postoperative radiotherapy after BCS, and for
patients older than 80 years, up to 84.6% were precluded with
adjuvant radiotherapy. Age was the only factor related to
radiotherapy after BCS. Consistently, Smith et al. had also
observed that the proportion of receiving adjuvant radiotherapy
decreased while patient age increased (31). Their study reported
an omission of radiotherapy after BCS in 51.0% of all patients
and 36.8%, 49.9% and 70.8% in patients aging 66-69, 70-79 and
>80, respectively (P <0.001).

A number of randomized clinical trials have already
demonstrated that adding radiotherapy after surgery for DCIS
patients of all ages could improve local control rate, which
could reduce IBTR by approximately half (19, 32-36). However,
the survival benefit brought by radiotherapy in elderly patients,
especially patients over 80 years remained controversial. Smith
et al. (31) found that radiotherapy after BCS contributed to a
significant reduction in LRR in a group of DCIS patients over
65 years old. According to age subgroups, they found that
healthy women of 66-79 years old were twice as likely to
benefit from radiotherapy than patients >85 years who have
benefit of
radiotherapy for patients with rather old age no less debatable
(31). Also, an EBCTCG meta-analysis had showed that
radiotherapy resulted in a greater reduction in LRR for DCIS

moderate to severe comorbidity, leaving the

patients older than 50 years when compared with younger
women, while no further study was conducted among patients
with age over 65 or more (36).

On the contrary of supporting adjuvant radiotherapy for
elderly patients, a study by Ho et al.(37) reported no LRR
difference between patients receiving radiotherapy or not in
women older than 60 years. Likewise, our study also found that
with different
(mastectomy, BCS plus radiotherapy, or BCS alone) shared

elderly patients local treatment modalities
similar LRR. Moreover, none of the patients >80 years in our
study experienced LRR during follow-up. According to our
inclusion criteria and clinicopathological characteristics, the high
percentage of negative margin status and low Ki-67 index of
enrolled patients probably reduced the potential benefit from
radiotherapy (38). The role of adjuvant radiotherapy for elderly
DCIS patients warrants further investigation since available
evidence is limited.

DCIS is a group of disease with heterogeneous natural course
and prognosis. A lot of effort has been made in risk stratification
in order to identify a group of DCIS patients with good
prognosis, in whom surgical excision alone or even observation
could be enough to achieve a satisfactory local control.
According to available prognostic factors for DCIS, older age
could predict decreased risk of recurrence. Prognostic scores or
multigene assays could also be used to evaluated the local control
benefit offered by radiotherapy after BCS in DCIS patients (22,
39-42). In future perspective, local treatment strategies may be
tailored according to recurrence stratification model in order to
balance benefit and risk.
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Our study has several limitations. Firstly, the number of
patients included in our study was limited. And our follow-up
time is relatively short, given the long natural history of DCIS.
Therefore, the small number of outcome events may not provide
sufficient statistical power to detect the benefit conferred by
treatment. Secondly, this is a single institution retrospective
study. Large-scaled prospective studies are warranted to validate
our results.

In summary, our study presents the current approach of local
treatment in elderly DCIS patients. Age is related with the choice
of breast surgery, ALN surgery, and postoperative radiotherapy.
DCIS patients with age >80 years old receive less aggressive local
treatments but have no impaired disease outcome.
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Introduction: Several studies reported the advantages of minimally invasive
esophagectomy over the conventional open approach, particularly in terms of
postoperative morbidity and mortality. The literature regarding the elderly
population is however scarce and it is still not clear whether elderly patients
may benefit from a minimally invasive approach as the general population. We
sought to evaluate whether thoracoscopic/ laparoscopic (MIE) or fully robotic
(RAMIE) Ivor-Lewis esophagectomy significantly reduces postoperative
morbidity in the elderly population.

Methods: We analyzed data of patients who underwent open esophagectomy or
MIE/RAMIE at Mainz University Hospital and at Padova University Hospital
between 2016 and 2021. Elderly patients were defined as those > 75 years old.
Clinical characteristics and the postoperative outcomes were compared
between elderly patients who underwent open esophagectomy or MIE/RAMIE.
A 1-to-1 matched comparison was also performed. Patients < 75 years old were
evaluated as a control group.

Results: Among elderly patients MIE/RAMIE were associated with a lower overall
morbidity (39.7% vs. 62.7%, p=0.005), less pulmonary complications (32.8 vs.
56.9%, p=0.003) and a shorter hospital stay (13 vs. 18 days, p=0.03). Comparable
findings were obtained after matching. Similarly, among < 75 years-old patients, a
reduced morbidity (31.2% vs. 43.5%, p=0.01) and less pulmonary complications
(22% vs. 36%, p=0.001) were detected in the minimally invasive group.

Discussion: Minimally invasive esophagectomy improves the postoperative
course of elderly patients reducing the overall incidence of postoperative

complications, particularly of pulmonary complications.
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MIE, RAMIE, laparoscopy, thoracoscopy, esophagectomy, esophageal cancer
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1 Introduction

Ivor Lewis esophagectomy is a complex procedure, burdened by
a high rate of postoperative complications and mortality (1-3). The
use of a minimally invasive approach has been associated with
better perioperative outcomes, however most of the published
studies are conducted on the general population (4-6) and the
literature evaluating the outcomes in elderly patients is rather
limited (7-10). Furthermore, most of the available data focus on
the differences in the postoperative outcomes between groups of
elderly and non-elderly patients (7-9), while the evaluation of the
benefits provided by a minimally invasive approach compared to
open surgery within the different age groups is seldom performed
(10). Elderly subjects represent indeed a fragile subset, often
presenting in worse clinical conditions and with a poor
performance status. It is therefore not clear whether the same
improvement in the postoperative course seen in the general
population undergoing minimally invasive esophagectomy could
be expected in older individuals.

Aim of our study was to evaluate the short-term postoperative
outcome of minimally invasive Ivor Lewis esophagectomy and to
assess whether the use of this approach provides the same
improvement in the postoperative course for both elderly and
non-elderly patients.

2 Methods
2.1 Study population

We retrospectively reviewed prospectively collected records
from 2016 to 2021 of all patients with esophageal cancer who
referred to two high volume centers for upper-GI surgery: Mainz
University Hospital (Germany) and Padova University Hospital
(Italy) and underwent Ivor-Lewis esophagectomy with either an
open or a laparoscopic/thoracoscopic approach (minimally invasive
esophagectomy, MIE) or a fully robotic approach (robotic-assisted
minimally invasive esophagectomy, RAMIE).

Only patients with esophageal squamous cell carcinoma (ESCC)
or adenocarcinoma (EAC) were considered recruitable. Patients
with cT4b or M+ disease, patients with cervical or Siewert 3 cancers
and those who underwent R2, or palliative resections were excluded
from the study. Patients who underwent upfront surgery or
multimodal treatment comprising chemotherapy (CT) and/or
radiotherapy (RT) and surgery were recruited.

2.2 Study design

Elderly patients were defined as those who were > 75 years old
at the time of surgery (= 75y group) and represented the study
group. The control group consisted of patients being < 75 years old
at surgery (< 75y group). Differences in the clinical characteristics of
the two groups were compared by univariate analysis. A subset
analysis of the > 75y group was performed comparing the clinical
characteristics and the postoperative outcome of elderly patients
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who underwent open esophagectomy (= 75y open group) and MIE/
RAMIE (= 75y MI group). The same analysis was performed within
the control group (< 75y open group vs. < 75y MI group).

The univariate analysis of preoperative and postoperative
outcomes was then repeated within the > 75y group after one-to-
one matching between the > 75y open group and the > 75y MI
group. The two subgroups were matched for the following potential
confounding factors: age, sex, ASA score, cancer histology, cancer
location and preoperative treatment. Primary outcome of the study
were the short-term post-surgical morbidity and mortality.

2.3 Collected data and definitions

EAC and ESCC were graded according to AJCC 8™ edition
Classification (11). The overall patients’ preoperative condition was
assessed using the Karnofsky performance status (KPS) (12); the
operative risk was evaluated using the American Society of
Anestesiology (ASA) classification (13) and the Charlson’s
Comorbidity Index (CCI) (14).

Post-operative 90-day complications were assessed according to
the Esophagectomy Complications Consensus Group ECCG (15)
and graded according to the Clavien-Dindo classification (16).

2.4 Clinical staging and
preoperative treatment

Esophagogastroduodenoscopy with biopsy, CT scan of the cervical,
thoracic, and abdominal regions were used for the clinical staging. The
evaluation was completed using positron emission tomography (PET/
CT) and endoscopic ultrasound (EUS) when deemed necessary.
Bronchoscopy was performed in all patients with SCC and in those
with possible airways infiltration. The neoadjuvant treatment was not
standardized as patients were frequently referred for surgery after being
treated at other centers, therefore variations in the chosen regimens
could occur based on the preferences of the treating oncologists or the
patients’ conditions and comorbidities. However, perioperative
chemotherapy with FLOT (17) or preoperative chemoradiotherapy
with the CROSS scheme (18) were the most frequently used regimens.

2.5 Surgical technique

The surgical techniques used for open esophagectomy (19-21),
MIE (22, 23) and RAMIE (24, 25) were previously described.
Briefly, all procedures included the mobilization of the stomach
and the creation of a gastric conduit in the abdominal part. In the
thoracic part, the esophagus was mobilized and transected above
the azygos vein. A standard two-field lymphadenectomy was
performed (26). The anastomosis was secured using an end-to-
side circular-stapled technique. For the open procedure a median
laparotomy and a posterolateral or anterolateral right thoracotomy
were performed, with the patient in a left lateral decubitus during
the thoracic phase. For both MIE and RAMIE, after the abdominal
phase the patient was placed in the semi-prone position and the

frontiersin.org


https://doi.org/10.3389/fonc.2023.1104109
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Capouvilla et al.

thoracic phase was performed with 4 operative trocars placed along
the anterior axillary line (one additional assistant-trocar was used
for RAMIE).

All patients were intubated using a left-sided double-lumen
tube and a one-lung ventilation was used throughout the thoracic
phase. Analgesia was provided by means of an epidural catheter.
Postoperative care included early extubation, preferably in the
operatory room, epidural- and patient-controlled analgesia,
respiratory exercise, and early mobilization and ambulation. After
surgery, patients were admitted to the intensive care unit (ICU) and
subsequently discharged towards the surgical ward upon
confirmation of the hemodynamical and respiratory stability. No
enhanced recovery program was used.

2.6 Statistical analysis

All statistical analyses were conducted using GraphPad Prism
version 9.2.0 (GraphPad software, San Diego, CA, USA) and JMP
version 14 (]MP® software, SAS Institute, Cary, NC, USA).
Continuous variables were presented as median (interquartile
range [IQR]), prevalence data were presented as raw number
(percentage). Comparisons of continuous variables were
conducted using the Student’s t-test or the Mann-Whitney test.
ANOVA or Kruskal Wallis tests were used for multiple
comparisons of continuous variables as appropriate. Shapiro-Wilk
test was applied to test the normality of the data (p > 0.10).
Categorical data were compared using the %> or the Fisher’s exact
test as appropriate. The Bonferroni correction for multiple
comparisons was applied when indicated. The threshold for
statistical significance was set to p < 0.05. For the purpose of
randomization, a one-to-one nearest neighbor approach was used
for the selection of patients in the matched control group.

3 Results

Clinical characteristics of the studied population are
summarized in Table 1. Elderly patients presented with a higher
comorbidity index and with a worse physical- (p < 0.0001) and
performance-status (p = 0.003). EAC was the most frequent
histology, however a significantly higher proportion of patients
in the > 75y group presented with ESCCs (p = 0.0007) located in
the mid-lower portion of the thoracic esophagus (p = 0.0003).
Despite no significant difference in the cancer stage at
presentation (p = 0.92), multimodal treatment comprising
chemotherapy or chemoradiotherapy before surgery was less
frequently used in elderly patients (p < 0.0001) and an open
approach rather than a minimally invasive one was preferred in
this subgroup (p <0.0001).

Subset analyses of the < 75y group and the > 75y group are
reported in Table 2. Within the < 75y group no difference was
detected in the patients’ clinical characteristics at presentation.
Albeit not statistically significant, a higher proportion of patients
in the < 75y MI group presented with ESCC (21.2% vs. 14.1%, p =
0.07). Among elderly patients, the male sex was prevalent, however,

Frontiers in Oncology

10.3389/fonc.2023.1104109

a significantly higher proportion of patients in the > 75y open group
was female (31.4% vs. 15.5%, p = 0.03). No further difference was
detected in the preoperative characteristics of these patients.

Surgical outcomes are depicted in Table 3. The use of a
minimally invasive approach in elderly patients did not
compromise the surgical radicality of the primary tumor resection
(p = 0.99) and of the lymph nodes dissection (p = 0.53). These
results were paralleled by those of the control group. Overall, the
proportion of patients experiencing postoperative complications
was significantly higher in the > 75y open group compared to the >
75y MI group (62.7% vs. 39.7%, p = 0.005). The main determinant
of the increased morbidity in the > 75y open group were pulmonary
complications, which increased significantly after open surgery
(56.9% vs. 32.8%, p = 0.003) and consisted mainly of pneumonia
(20.6% vs. 8.6%, p = 0.04) and mucous plugging requiring
bronchoscopy (22.6% vs. 10.3%, p = 0.05). Similar results were
obtained in the < 75y group: postoperative morbidity (43.5% vs.
31.2%, p = 0.01) and pulmonary complication (36% vs. 22%, p =
0.001) were significantly higher after open surgery. Pneumonia
(11.9% vs. 6%, p = 0.03) and mucous plugging (12.4% vs. 7.2%, p =
0.04) were the most frequently reported pulmonary complications
also in this subgroup.

The incidence and severity of anastomotic leakage did not differ
after MI and open surgery within both the < 75y group and > 75y
group. Grade 2 leakages were primarily treated by an endoscopically
placed nasogastric tube, vacuum-device (EsoSponge®, B. Braun,
Melsungen, Germany) or stent and did not require a reoperation.
Grade 3 leakages required reoperation with dismantling of the
gastric pull-up and cervical esophagostomy.

Overall, 15 patients required reoperation in the > 75y group (9.4%),
the main reasons were the presence of a grade 3 leakage (3 patients) or
conduit necrosis (3 patients), hemothorax (6 patients), chyle leak (1
patient) and postoperative abdominal bleeding (2 patients). Thirty-one
patients required a reoperation in the < 75y group (7.3%). The main
causes of reoperation were grade 3 leakage (6 patients) or conduit
necrosis (3 patients), hemothorax (16 patients), chyle leak (2 patients),
bowel perforation (1 patient) and abdominal bleeding (2 patients). The
rate of reoperations, the severity of postoperative complications
(Clavien Dindo grade) and the rate of in-hospital mortality were
similar after MI or open surgery in both study groups. Patients of
the > 75y open group required a longer hospital stay compared to the >
75y MI group (p = 0.03).

Table 4 reports the clinical characteristics of the > 75y MI group
and the > 75y open group after one-to-one matching for patient’s
sex, cancer stage and preoperative treatment. The matching resulted
in no significant difference in the preoperative variables.

Table 5 summarizes the postoperative outcomes of the two
subgroups after the matching. The matched analysis confirmed a
significantly higher rate of postoperative complications in the > 75y
open group (62.1% vs. 39.7%, p = 0.02) with pulmonary complications
(p = 0.04) being the main determinant of the postoperative morbidity.

Median follow up time was 28 months (10-84). Median overall
survival (OS) of the < 75y MI group was 62 months and 49 months
in the < 75y open group (p=0.35) (Figure 1A). The disease free
survival (DFS) of the two groups was also not significantly different
(26 vs. 16 months, p=0.59) (Figure 1B).
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TABLE 1 Clinical characteristic of the studied population.

Variable < 75y group (N=427) > 75y group (N=160)
Median age (years) 61 (55-67) 78 (76-81) < 0.0001
Sex (N, %)
Male 356 (83.4) 119 (74.4)
0.01
Female 71 (16.6) 41 (25.6)
Height (m) 1.76 (1.70-1.80) 1.72 (1.67-1.78) 0.04
Weight (kg) 77 (67.5-88) 74 (65-85.5) 0.12
ASA score (N, %)
1 5(1.2) 1(0.6)
2 222 (52) 41 (25.6)
< 0.0001
3 194 (45.4) 98 (61.3)
4 6(1.4) 20 (12.5)
Karnofsky performance status (N, %)*
100-90 380 (89) 125 (78.1)
80-70 44 (10.3) 33 (20.6) 0.003
60-50 3(0.7) 2 (1.3)
Charlson’s Comorbidity Index (CCI) 4 (3-5) 6 (5-7) < 0.0001
‘ Cancer histology (N, %)
ESCC 78 (18.3) 50 (31.3)
0.0007
EAC 349 (81.7) 110 (68.7)
‘ Cancer location (N, %)
Thoracic esophagus 52 (12.2) 41 (25.6)
Siewert 1 212 (49.6) 71 (44.4) 0.0003
Siewert 2 163 (38.2) 48 (30)
‘ cTNM Staging
Stage 1 39 (9.1) 13 (8.1)
Stage 2 88 (20.6) 31 (19.4)
0.92
Stage 3 273 (63.9) 104 (65)
Stage 4 27 (6.4) 12 (7.5)
Perioperative treatment (N, %)
None 67 (15.7) 96 (60)
Chemotherapy 168 (39.3) 33 (20.6)
< 0.0001
Chemoradiotherapy 190 (44.5) 29 (18.1)
Radiotherapy 2(0.5) 2 (1.3)
Surgical approach (N, %)
Open 178 (41.7) 102 (63.7)
Laparoscopic/Thoracoscopic (MIE) 94 (22) 24 (15) < 0.0001
Fully Robotic (RAMIE) 155 (36.3) 34 (21.3)
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TABLE 2 Clinical characteristics of the analyzed subgroups.

Variable < 75y Ml group < 75y open > 75y Ml > 75y open

(N=250) group (N=177) group (N=58)  group (N=102)

Median age (years) 61 (55-68) 60 (53-67) 0.28 79 (76-82) 77 (76-80) 0.51

Sex (N, %)

Male 205 (82) 151 (85.3) 49 (84.5) 70 (68.6)
0.37 0.03
Female 45 (18) 26 (14.7) 9 (15.5) 32 (314)
176 177 172 1.70
Hei 42 2
eight (m) (1.65-1.79) (1.71-1.80) 0 (1.67-1.78) (1.58-1.75) 0-28
Weight (kg) 77 (68-88) 79 (69-91) 0.33 74 (65.5-86) 72 (59-81.5) 0.53

ASA score (N, %)

1 3(12) 2(1.1) 0 1(0.9)
2 119 (47.6) 103 (58.2) 15 (25.9) 26 (25.5)
0.13 0.87
3 123 (49.2) 71 (40.1) 35 (60.3) 63 (61.8)
4 5(2) 1(0.6) 8 (13.8) 12 (11.8)

Karnofsky performance status (N, %)

100-90 219 (87.6) 161 (91) 45 (77.6) 80 (78.5)
80-70 28 (11.2) 16 (9) 0.26 12 (20.7) 21 (20.6) 0.92
60-50 3 (1.2) 0 1(1.7) 1(0.9)
Charlson’s
Comorbidity Index 5 (3.5-6.5) 4 (3-5) 0.15 5(3-7) 6 (5-7) 0.28
(CC1n

Cancer histology (N, %)

ESCC 53 (21.2) 25 (14.1) 18 (31) 32 (314)

EAC 197 (78.8) 152 (85.9) 40 (69) 70 (68.6)

Cancer location (N, %)

Thoracic esophagus 30 (12) 22 (12.4) 11 (19) 30 (29.4)
Siewert 1 131 (52.4) 81 (45.8) 0.37 26 (44.8) 45 (44.1) 0.25
Siewert 2 89 (35.6) 74 (41.8) 21 (36.2) 27 (26.5)

cTNM Staging

Stage 1 29 (11.6) 10 (5.6) 6 (10.3) 7 (6.9)
Stage 2 51 (20.4) 37 (20.9) 9 (15.5) 22 (21.6)
0.17 071
Stage 3 153 (61.2) 120 (67.8) 39 (67.2) 65 (63.7)
Stage 4 17 (6.8) 10 (5.6) 4(7) 8 (7.8)

Perioperative treatment (N, %)

None 43 (17.2) 24 (13.6) 31 (53.5) 65 (63.8)
Chemotherapy 103 (41.2) 65 (36.7) 13 (22.4) 20 (19.6)
0.40 0.29
Chemoradiotherapy 103 (41.2) 87 (49.1) 14 (24.1) 15 (14.7)
Radiotherapy 1(0.4) 1 (0.6) 0 2 (1.9)

(Continued)
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TABLE 2 Continued

Variable < 75y Ml group < 75y open > 75y Ml > 75y open
(N=250) group (N=177) group (N=58)  group (N=102)
Surgical approach (N, %)
Laparoscopic/ - -
Thoracoscopic (MIE) %5 (38) 24 (414)
Fully Robotic 155 (62) - _
(RAMIE) 34 (58.6)
Operative time (min) 331 285 002 340 298 003
perative time tmin (289-380) (245-331) ' (310-377) (243-334) ’

“-” means the variable in the row is not applicable to the patients in the column.

TABLE 3 Surgical outcomes of the analyzed subgroups.

Variable
< 75y open > 75y Ml > 75y open
group (N=177) group (N=58)  group (N=102)
Surgical radicality (N, %)
RO 245 173 56 99
0.99 0.99
R1 5 4 2 3
Harvested lymph nodes
(N, IQR) 31 (23-40) 28 (20-35) 0.68 27 (19-33) 25 (17-31) 0.53
Metastatic lymph nodes
(N, IQR) 2(0-3) 2(0-3) 0.28 2(0-3) 1(0-4) 0.33
Intraoperative complications 8 (32) 5(28) 0.82 4(69) 5 (49) 072
(N, %)
Postoperative morbidity 78 (31.2) 77 (43.5) 0.01 23 (39.7) 64 (62.7) 0.005
(N, %)
Anastomotic leakage (N, %) 26 (10.4) 15 (8.4) 0.51 7 (12) 15 (14.6) 0.64
Grade 1 2(0.8) 1(0.5) 1(1.7) 1(0.9)
Grade 2 20 (8) 12 (6.8) 0.97 5 (8.6) 12 (11.8) 0.83
Grade 3 4 (1.6) 2 (1.1) 1(1.7) 2 (1.9)
Conduit necrosis (N, %) 1(0.4) 2 (1.1) 0.57 1(1.7) 2 (1.9) 0.99
Chyle leak (N, %) 8(3.2) 3 (1.7) 0.54 3 (5.2) 4(3.9) 0.70
Vocal cord palsy (N, %) 3(1.2) 2(1.1) 0.99 0 4(3.9) 0.29
Hemothorax (N,%) 8 (3.2) 12 (6.8) 0.08 1(1.7) 6 (5.9) 0.42
P licati N,
w‘;imonary complications ( 55 (22) 64 (36) 0.001 19 (32.8) 58 (56.9) 0.003
0,
Pneumonia 15 (6) 21 (11.9) 0.03 5 (8.6) 21 (20.6) 0.04
Atelectasis mucous plugging
. 18 (7.2) 22 (12.4) 0.04 6 (10.3) 23 (22.6) 0.05
requiring bronchoscopy
Pneumothorax 7(2.8) 7 (3.9) 0.59 1(1.7) 4 (3.9) 0.65
Pleural effusi iri
erral ellusion requiring 7 (2.8) 5(2.8) 0.99 2 (3.4) 5 (4.9) 0.99
drainage
Respiratory failure requiring
. . 5(2) 6 (3.4) 0.37 3(52) 4(3.9) 0.70
reintubation
ARDS 3 (1.2) 3 (1.7) 0.69 0 1(0.9) 0.99
Cardiac complications (N,%)* 19 (7.6) 17 (9.4) 0.46 6 (10.3) 10 (9.8) 091
(Continued)
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TABLE 3 Continued

Variable

< 75y open > 75y MI > 75y open
group (N=177) group (N=58)  group (N=102)
Atrial dysthythmia 11 (4.4) 12 (6.8) 028 4(6.9) 5 (4.9) 0.72
requiring treatment
Congestlye. heart failure 8 (3.2) 5 (2.8) 0.99 2 (3.4) 4(3.9) 0.99
requiring treatment
Myocardial infarction 0 0 0.99 0 1(0.9) 0.99
Gastrointestinal complications 7 28) 9(5.0) 0.22 1(17) 1(39) 0.65
(N,%)*
Clostridium difficile infection 1(0.4) 2 (1.1) 0.57 1(1.7) 3(2.9) 0.99
Liver dysfunction 1(0.4) 1(0.5) 0.99 0 1(0.9) 0.99
Sepsis 5(2) 6 (34) 0.37 2(34) 11 (10.8) 0.10
Complications: severityb
(N, %)
1 6 (2.4) 8 (4.5) 1(17) 3(29)
2 23 (9.2) 20 (11.3) 5 (8.6) 10 (9.8)
3a 19 (7.6) 16 (9) 6 (8.6) 26 (25.5)
0.88 0.87
3b 11 (4.4) 12 (6.8) 3 (5.2) 8 (7.8)
4 14 (5.6) 18 (10.2) 6 (8.6) 12 (11.8)
5 5(2) 3(1.6) 2(34) 5 (4.9)
Need for reoperation (N, %) 15 (6) 16 (9) 0.23 4(6.9) 11 (10.8) 0.43
ICU readmission (N, %) 18 (7.2) 21 (11.9) 0.09 7 (12.1) 17 (16.7) 0.49
Length of hospital stay (days)
. 1GR) 12 (10-17) 12 (10-18) 0.19 13 (11-19) 18 (13-26) 0.03
In-hospital mortality (N, %) 5(2) 3(1.6) 0.99 2(34) 5 (4.9) 0.99

*The most severe complication for each category is indicated.
® According to the Clavien-Dindo classification.

TABLE 4 Clinical characteristics of the analyzed subgroups after matching.

Variable > 75y Ml group (N=58) > 75y open group (N=58)
Median age (years) 79 (76-82) 78 (75-82) 0.43
Sex (N, %)
Male 49 (84.5) 50 (86.2)
0.79
Female 9 (15.5) 8(13.8)
. 1.72 171
Height (m) (167-1.78) (1.60-1.76) 0.16
Weight (kg) 74 (65.5-86) 70 (55-78.3) 0.12
ASA score (N, %)
1 0 1(L7)
2 15 (25.9) 13 (22.4)
0.74
3 35 (60.3) 37 (63.8)
4 8 (13.8) 7 (12.1)

(Continued)
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TABLE 4 Continued

Variable > 75y MI group (N=58) > 75y open group (N=58)
Karnofsky performance status (N, %)
100-90 45 (77.6) 45 (77.6)
80-70 12 (20.7) 13 (22.4) 0.59
60-50 1(1.7) 0
Charlson’s Comorbidity Index (CCI) 5(3-7) 5 (4-7) 0.72
‘ Cancer histology (N, %)
ESCC 18 (31) 19 (32.8)
0.84
EAC 40 (69) 39 (67.2)
‘ Cancer location (N, %)
Thoracic esophagus 11 (19) 13 (22.4)
Siewert 1 26 (44.8) 25 (43.1) 0.90
Siewert 2 21 (36.2) 20 (34.5)
‘ cTNM Staging
Stage 1 6 (10.3) 7 (12.1)
Stage 2 9 (15.5) 12 (20.7)
0.75
Stage 3 39 (67.2) 37 (63.8)
Stage 4 4(7) 2 (3.4)
Perioperative treatment (N, %)
None 31 (53.5) 29 (50)
Chemotherapy 13 (22.4) 16 (27.6)
Chemoradiotherapy 14 (24.1) 13 (22.4) o
Radiotherapy 0 0

TABLE 5 Surgical outcomes of the analyzed subgroups after matching.

Variable > 75y MI group (N=58) > 75y open group (N=58)
Surgical radicality (N, %)
RO 56 57
0.99
R1 2 1
Harvested lymph nodes
N, I0R) 27 (19-33) 26 (16-32) 0.48
Metastatic lymph nodes
(N, IQR) 2(0-3) 1(0-4) 0.60
Intraoperative complications (N, %) 4 (6.9) 2(3.4) 0.68
Postoperative morbidity
(N, %) 23 (39.7) 36 (62.1) 0.02
Anastomotic leakage (N, %) 7 (12.1) 5(8.6) 0.76
Grade 1 1(1.7) 1(1.7)
0.92
Grade 2 5(8.6) 3(5.2)

(Continued)
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TABLE 5 Continued

Variable > 75y MI group (N=58) > 75y open group (N=58)
Grade 3 1(1.7) 1(1.7)

Conduit necrosis (N, %) 1(1.7) 0 0.99
Chyle leak (N, %) 3(5.2) 1(1.7) 0.62
Vocal cord palsy (N, %) 0 1(1.7) 0.99
Hemothorax (N,%) 1(1.7) 4 (6.9) 0.36
Pulmonary complications (N,%)* 19 (32.8) 30 (51.7) 0.04
Pneumonia 5(8.6) 12 (20.7) 0.07
Atelectasis mucous plugging requiring bronchoscopy 6 (10.3) 15 (25.9) 0.03
Pneumothorax 1(1.7) 0 0.99
Pleural effusion requiring drainage 2(34) 2(34) 0.99
Respiratory failure requiring reintubation 3(5.2) 1(1.7) 0.62
ARDS 0 0 0.99
Cardiac complications (N,%)* 6 (10.3) 5(8.6) 0.99
Congestive heart failure requiring treatment 2(34) 2(3.4) 0.99
Myocardial infarction 0 0 0.99
Gastrointestinal complications (N,%)* 1(1.7) 1(1.7) 0.99
Clostridium difficile infection 1(1.7) 1(1.7) 0.99
Liver dysfunction 0 0 0.99
Sepsis 2(34) 6 (10.3) 0.27

Complications: severity®

(N, %)
1 1(1.7) 1(1.7)
2 5 (8.6) 9 (15.5)
3a 6 (8.6) 12 (20.7)
0.92
3b 3(5.2) 4(6.9)
4 6 (8.6) 9 (15.5)
5 2(34) 1(17)
Need for reoperation (N, %) 4 (6.9) 6 (10.3) 0.51
ICU readmission (N, %) 7 (12.1) 10 (17.2) 0.43
Length of hospital stay (days)(N, IQR) 13 (11-19) 15 (11-20) 0.09
In-hospital mortality (N, %) 2 (3.4) 1(1.7) 0.99
* The most severe complication for each cathegory is indicated.
© According to the Clavien-Dindo classification.
No difference was detected in the OS of the > 75y MI group (26 4 Dijscussion
months) and the > 75y open group (19 months)(p=0.84)
(Figure 2A). The DFS was also similar between the two groups In this multicentric cohort study, the use of a minimally
(26 months vs. 13 months, p=0.25) (Figure 2B). invasive approach improved the postoperative outcome of elderly
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FIGURE 1

Overall survival (A) and disease free survival (B) of the < 75y MI group vs. the

patients undergoing Ivor Lewis esophagectomy by significantly
reducing the rate of pulmonary complications, particularly of
pneumonia and mucous plugging causing atelectasis. This
translated into a significantly shorter hospital stay. Although not
significantly, the rate of ICU re-admission and reoperation were
also decreased after MIE/RAMIE. The results were confirmed at the
one-to-one matched univariate analysis of the elderly group,
moreover, similar outcomes were reported in the control group
comprising younger patients.

Esophagectomy is a complex procedure, the rate of
postoperative morbidity reported in the literature ranges widely
between 20% and 80% (1, 2) while postoperative mortality ranges
from 0% to 22% (1, 3). This seems to correspond to a higher
postoperative morbidity and mortality rate in elderly patients
compared to the younger ones (27). In a 2013 meta-analysis,
Markar et al. reported an increased risk of pulmonary (21.8%)
and cardiac complications (18.7%) after esophagectomy for patients
> 70 years-old, with a 2 fold increase in the risk of postoperative
death (7.8%) and a reduced cancer-related 5-year survival (21.2%)
(28). Similarly, Schlottmann et al. reported that the predicted
probability of mortality increased consistently across age (2.5% in
50 years, 5.4% in 70 years and 7% in 80) (29). These findings are
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understandable, since elderly patients represent a fragile subset
often presenting in worse baseline clinical conditions and,
consequently, with reduced reserves and capacity to endure major
surgical procedures (1, 30). In our cohort, the > 75y group
presented with a significantly worse performance status and a
higher comorbidity index compared to the control group. The
overall in-hospital mortality of the elderly group was indeed
higher, although not significantly, compared to the < 75y patients
(4.4% vs. 1.9%, p = 0.09). However, this mortality rate doesn’t seem
to be prohibitive, if we consider that the currently published
benchmarks for mortality after esophagectomy performed in
optimal conditions (i.e. in healthy patients and referral centers)
range between 2.3% and 5.1% (1, 31).

Minimally invasive esophagectomy has been introduced in the
last decades with the aim of reducing the surgical trauma, the
complications and improving the quality of life after surgery.
Currently, 4 randomized controlled trials comparing hybrid- (32),
totally-minimally invasive esophagectomy (4, 33) and RAMIE (5) to
open surgery demonstrated a reduction in overall postoperative
complications and pulmonary complications. In this context, the
use of a minimally invasive approach might seem particularly
beneficial in the elderly population, which is more prone to the

- > 75y Ml group
+- > 75y open group

Disease free survival (%)

Overall survival (A) and disease free survival (B) of the > 75y MI group vs. the > 75y open group. Whole cohort.

Frontiers in Oncology

106

frontiersin.org


https://doi.org/10.3389/fonc.2023.1104109
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Capouvilla et al.

inherent morbidity of open esophagectomy. However, the matter is
more controversial if we consider two factors. First, the reported
outcomes of minimally invasive esophagectomy are not uniformly
favorable in the published literature: the TIME trial showed an
almost two-fold increase of the anastomotic leakage rate after MIE
compared to the open approach (12% vs. 7%) (4). Similarly, in the
large population-based study from the Dutch Upper
Gastrointestinal Cancer Audit (DUCA) (34) the anastomotic leak
and the reintervention rates were higher after MIE (21.2% vs. 15.5%
and 28.2% vs. 21.1% respectively). This is particularly relevant
considering that the leakage-related mortality has been reported
to be up to 8.5 time higher in elderly patients compared to the
younger ones (35). Second, several authors still found significantly
higher pulmonary complications and mortality rates among elderly
patients despite being operated without a trans-thoracic approach
(35-37). Therefore, the actual benefit of using thoracoscopy for the
thoracic phase might be limited. Taken together, these findings may
question the benefit of using MIE or RAMIE in elderly patients.

Several studies compared the outcomes of minimally invasive
esophagectomy between cohorts of elderly and non-elderly patients,
reporting less cardiovascular complications (7), anastomotic leakages
(8) and a reduced 90-day mortality (9) among younger patients.
However, the literature directly comparing different surgical
approaches for esophagectomy in the elderly population is
somewhat limited. In a retrospective cohort study from 2015, Li
et al. (10) analyzed the postoperative outcomes of 407 patients older
than 70 years who underwent either MIE or open esophagectomy.
After paired matching of 116 patients (58 pairs) the authors reported
a significantly reduced rate of postoperative complications,
particularly of pulmonary complications, with a shorter hospital
stay and a reduced need for ICU readmission after MIE. In this
series, however, 96.6% of patients in the MIE group underwent
McKeown esophagectomy with cervical anastomosis, therefore the
results are hardly applicable to the Western clinical practice, were
intra-thoracic anastomoses are more frequently performed (38).

The effect of using a minimally invasive approach on the
incidence of postoperative leakage after Ivor Lewis is still unclear
(4, 34). Given the higher leakage-associated mortality among elderly
patients (35), whether it is beneficial to perform MIE-Ivor Lewis in
an elderly subject remains an unanswered question. To the best of
our knowledge, our case series is one of the largest addressing this
issue, by directly comparing the outcome of minimally invasive and
open Ivor Lewis esophagectomy in the elderly.

In our study, the minimally invasive approach proved not only
to be feasible in > 75 years-old-patients, but also effective in
improving the postoperative course by reducing postoperative
complications. A significant reduction in pulmonary
complications was the main determinant of the final outcome and
this is coherent with the results reported in most of the currently
available cohort studies (6) and the TIME trial (4). Even more
interestingly, in our study more than half of the patients in the > 75y
MI group were operated using RAMIE (58.6%), thus confirming the
feasibility and safety of this approach for healthy subjects. Prior to

Frontiers in Oncology

10.3389/fonc.2023.1104109

our study the evidence regarding the use of RAMIE in elderly
subjects was rather limited considering that the mean age of the
robotic-cohort in the ROBOT trial was 64 years (5).

The presence of a bias due to the a priori selection of elderly
patients in better overall condition and performance status for MIE/
RAMIE rather than open surgery might be a limit of this study. This
might explain the significant differences in the clinical characteristics
of elderly patients at presentation (cancer histology, location, and
stage) that was detected in our cohort. Another issue might be the
relatively small sample size of the > 75y MI group compared to the
open one. However, the fact that the results were confirmed after
matching our cohort and that the control group showed a similar
trend in the postoperative course seems to ascertain the benefit
provided by the minimally invasive approach in our series.

The multicentric design of this study and the inclusion of both
MIE and RAMIE cases might also be a limitation since technical
differences between the two approaches and the two recruiting
centers should be accounted for. However, we believe that this
aspect had a limited impact on our results since the operative setting
and the key surgical steps of the two procedures, particularly the
end-to-side circular-stapled anastomosis, were practically identical
and the same anastomotic technique was also used for the
open-cases.

Finally, we decided to use a cutoff value of 75 years of age to
define elderly patients, while other studies used other cutoffs, e.g. 70
years (10, 28). The definition of elderly patients is indeed rather
variable in the literature. However, esophageal cancer is most
frequently diagnosed among people aged 65 to 74 years, the
median age at diagnosis being 68 years. Indeed, according to NIH
data, the percentage of new cases is highest in the 65-to-74-year age
group, reaching 33.3% (39).

For these reasons, considering the aim of the study, we believe it
would’ve been misleading to use a lower cutoff value to define
“elderly patients with esophageal cancer” (such as 60 or 70 years).
Such a subgroup (> 60 years or > 70 years patients) wouldn’t in fact
be representative of a group of elderly esophageal-cancer patients,
but rather of the average-aged esophageal cancer patient.

Nevertheless, we obtained the same results reported in the study
even conducting a separate analysis using > 70 years as a cutoff (see
Supplementary Material).

5 Conclusions

The use of a minimally invasive approach for Ivor Lewis
esophagectomy, including the robotic approach, is feasible and
safe in elderly patients, even though this subset of patients usually
presents in a worse clinical condition and with a poor performance
status. Compared to open surgery, the improvement in terms of
reduction of postoperative complications, particularly pulmonary
complications, is comparable between elderly and younger patients.
The surgical radicality and the incidence of procedure-specific
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complications (anastomotic leakage, conduit necrosis, chyle leak
etc.) is comparable between the two procedures in both age-groups.
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