GENERAL SURGERY

Ann R Coll Surg Engl 2011; 93: 608-614
doi 10.1308/003588411X13165261994111

junction

ABSTRACT

TARC operation.

with better neoadjuvant and adjuvant therapies.

Total adventitial resection of the cardia: ‘optimal
local resection’ for tumours of the oesophagogastric
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INTRODUCTION  Little is published about the local resection of oesophageal cancers. We adopted the principles of rectal can-
cer surgery, ie standard surgical dissection techniques as well as standard pathological processing and reporting, and assessed
the feasibility of applying them to oesophagogastric junction (OGJ) cancer.

METHODS Over a two-year period consecutive patients with invasive cancers of the OGJ were studied. Following staging and
neoadjuvant chemotherapy (NAC), a standard dissection defined as a total adventitial resection of the cardia (TARC) was per-
formed. Standard histopathological processing involved external inking, photographing, transverse slicing and mounting of cut
samples on megablocks. Hospital morbidity and mortality as well as survival at five years’ follow-up were assessed.

RESULTS Forty consecutive patients had a TARC for OGJ carcinoma. Of these, 32 were offered NAC. Introducing TARC did
not result in increased morbidity or mortality. Twenty-seven patients (68%) had an RO resection that was directly related to the
tumour stage and significantly related to a response to chemotherapy. Sixteen patients (42%) were alive five years after their

CONCLUSIONS Although the adventitia of the OGJ is not as well developed as that of the rectum, TARC can be performed
safely as a standardised resection for OGJ cancers. Whereas the RO rate for early stage tumours is very high, it remains disap-
pointingly low for T3N1 tumours despite NAC. Improved long-term survival for these advanced tumours will only be achieved
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The aim of an oesophagectomy for cancer is long-term cure
because of the availability of effective non-surgical ways of
palliating dysphagia.! Long-term survival is affected nega-
tively by the N, T and RO stages.? The oncological principle
underlying curative resection of solid tumours is complete
local clearance. Surprisingly little is published about the
local resection of oesophageal cancers yet there is much de-
bate about the optimal surgical approach to the oesophagus,
ie whether it should be done via the right chest, left chest,
transhiatal or laparoscopic route.>*

Altorki and Skinner described good long-term survival
after an en bloc oesophagectomy in which he combined a
radical local resection with a 2-5 field block dissection of
lymph nodes.’ By focusing on the local resection of the pri-
mary tumour rather than the lymphadenectomy in rectal
cancer, total mesorectal resection of the rectum has been
shown by studies replicated across the world to be associ-
ated with superior local recurrence rates and long-term
survival compared with other surgical techniques.5
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Furthermore, the pathological processing of resected
rectums with external inking and slicing the specimens
transversely for assessment on large histopathology slides
have helped both in setting standards for histopathology
reporting and also in assessing the quality of surgical resec-
tion. An adequately performed total mesorectal resection of
the rectum (judged both surgically and histopathologically)
is now considered the optimal operation for patients with
rectal cancer.” We adopted the principles of rectal cancer
surgery (ie standard surgical dissection techniques of the
primary tumour as well as standard pathological processing
and reporting) and assessed the feasibility of applying them
to oesophagogastric junction (OGJ) cancer.

Methods

Patients

A prospectively gathered database of consecutive oesoph-
agogastrectomies performed by the same surgeon for OGJ
tumours over a two-year period ending in May 2005 was
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Figure 1

Total adventitial resection of the cardia: Starting the crural dissection anteriorly, enter the mediastinum between the

pericardium and pericardial fat pad (A). The dissection anterior to the pericardial fat pad is continued laterally in both directions until the
pleura is entered (B). The line of dissection through the right crus and lower mediastinal pleura is shown (C). Having divided the posterior
fibres of the left crus, the preaortic plane is entered and the preaortic fascia is elevated en bloc with the specimen (D).

Table 1 Demographic data and outcome of the 40 patients

who underwent an oesophagectomy

Median age in years (range) 63 (35-81)
Sex (male-to-female ratio) 34:6
Histology (adeno-to-squamous ratio) 36:4

Neoadjuvant chemotherapy advised 32 (80%)*

Pathological T stage:

TO 1(2.5%)
T1 10 (25%)
T2 9 (23%)t
T3 16 (40%)
T4 4 (10%)
Pathological stage N1 22 (55%)
Hospital mortality 1(2.5%)
Respiratory complications 9 (23%)
Clinically significant anastomotic leak 2 (5%)
Return to theatre 1(2.5%)
Median length of hospital stay in days (range) 15 (10-91)

*Two patients (pT3N1 and pT3NO) declined neoadjuvant chemo-
therapy.
tOne pT2NO patient died in hospital.

analysed. All patients underwent pre-operative spiral com-
puted tomography (CT) to stage their disease according to
the TNM (tumour, lymph node, metastasis) classification. In
many instances, endoscopic ultrasonography staging was
also performed. All cases were discussed in a multidisci-
plinary meeting involving upper gastrointestinal surgeons,
physicians, radiologists, gastrointestinal histopathologists,
oncologists and nurse specialists. All patients staged as
T3 or N1 were offered neoadjuvant chemotherapy (NAC)
consisting of epirubicin, cisplatin and fluorouracil. CT was
repeated to monitor the response to treatment. All patients
were followed up until death or for a minimum of five years.

Surgical approach

The surgical approach was based on tumour location
and surgeon’s choice. The methods used consisted of the
Ivor-Lewis approach with a right thoracotomy, the transhi-

atal approach with a left neck incision, an extended total
gastrectomy with a left thoracotomy and a left thoracotomy
only. A D2 lymphadenectomy (ie extending to the regional
lymph nodes outside the perigastric area) was performed
routinely in the abdomen. No block dissection of lymph
nodes was performed in the chest or neck apart from in
those patients who had an Ivor-Lewis oesophagectomy
where the paraoesophageal and subcarinal lymph nodes
were removed. The main focus of each operation was the
local dissection of the tumour at the OGJ, defined as a total
adventitial resection of the cardia (TARC).

Total adventitial resection of the cardia

The steps for TARC are shown in Figure 1. The dissection
was started anteriorly in the midline with a horizontal 5cm
incision in the diaphragm at the level of the inferior phrenic
vein. The plane between the pericardium and the preperi-
cardial fat pad was developed and dissected laterally in both
directions until the pleura was entered. The dissection was
continued downwards by excising a 0.5cm cuff of diaphrag-
matic crus with an inferior pleural attachment until the
anterior surface of the aorta was reached. The remaining
posterior crural fibres (of the left crus) were divided ante-
rior to the aorta and the adventitial tissue anterior to the
aorta was dissected off en bloc.

The mediastinal pleura was then incised longitudinally
in a cranial direction, anteriorly at the level of the pericar-
dial fat pad and posteriorly at the anterior border of the
aorta. The anterior and posterior pleural incisions on both
sides converge where the pericardial fat pad peters out, ap-
proximately 8cm above the hiatus and below the level of the
inferior pulmonary veins. Care was taken not to remove too
much crus on the right where it is close to the inferior vena
cava or on the left where excessive crural resection may
give rise to post-operative herniation of the small and large
bowel. The anterior tendinous part of the resected hiatus
was repaired with a continuous size 1 nylon suture. Bilateral
transhiatal chest drains were inserted. The result was an en
bloc resection of a cuff of hiatus, the pericardial fat pad, the
lower mediastinal pleura and the preaortic adventitia (Fig 2).

Histopathological assessment

The resected specimen was placed in formalin and exam-
ined within 24 hours of surgery by a consultant histopathol-
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Resection margins:
Anterior:  black
Left lateral: red
Right lateral: blue
Poslerior:  green

Figure 2 Three different oesophagogastrectomy specimens with intact adventitia after total adventitial resection of the cardia: Two
specimens have been inked in the pathology department with different colours for the anterior, posterior, left and right lateral margins

prior to being fixed and cut up.

Table 2 RO resection rate and 5-year survival in the 8 patients who had an early initial stage tumour and were advised not to have

neoadjuvant chemotherapy (NAC), and the 32 patients who were deemed to have advanced initial stage tumours and were advised
to have NAC. The pathological N stage distribution for the different T stages is also shown.

Pathological T stage of patients advised not to have NAC (n=8):

T1
T2
T3
T4

Pathological T stage of patients advised to have NAC (n=32):

T0
Tl
T2
T3
T4

Number of pNO RO 5-year
patients survival
0 — — —

7 5 (71%) 7 (100%) 7 (100%)
1 1(100%) 1(100%) -*

0 _ _ _

0 _ _ _

1 1(100%) 1(100%) 1 (100%)
8 2 (66%) 3 (100%) 2 (66%)
9 3 (33%) 7 (78%) 3 (38%)T
16 6 (38%) 8 (50%) 3 (19%)
4 0 (0%) 0 (0%) 0 (0%)

*This patient died in hospital.
tOne pT2N1 patient was lost to follow-up.

ogist. The gastric staple line running along the greater
curvature side was used to orientate the specimen. The four
quadrants (anterior, posterior, left and right) of the oesopha-
geal circumferential resection margin were marked in four
different colours (Fig 2). A longitudinal incision was made
in the oesophagus 2cm above the estimated (by palpation)
upper limit of the tumour or, if no tumour was palpable ex-
ternally, 5cm above the OGJ. The gastric resection margin
was opened along one side of the staples. The specimen
was washed in cold water. A paper towel wick was threaded
through the OGJ and the specimen was left to fix overnight.

The following day the inked external anterior and poste-
rior surfaces were photographed. The portions of oesopha-
gus and stomach included were measured. The OGJ was
defined externally as where the tubular oesophagus flares
out into the stomach and internally as the proximal limit of
the gastric rugal folds. Transverse slices were made through
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the region of the tumour, in the oesophagus, the OGJ and
the proximal stomach (Fig 3). The slices were photographed
and examined.

The tumour was described and measured, and its
distance from the proximal and distal resection margins
measured. If it was known, or presumed, to be an adenocar-
cinoma, it was categorised as Siewert types I, Il or III. For
a Siewert type I tumour, the bulk of the tumour is situated
1-5¢cm above the OGJ. In type II, the tumour bulk is 1cm
above to 2cm below the OGJ and in type II it is 2-5cm below
the OGJ. The presence of a columnar cell-lined oesophagus
and the appearance of the background oesophageal and
gastric mucosa were noted.

It is important to define what constitutes the circum-
ferential margin at the OGJ from both a surgical and
histopathological viewpoint. Immediately external to the
muscularis propria lies a connective tissue layer. Where this
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Figure 3 Pathology specimens of the oesophagogastric junction (OGJ) cut transversely showing varying amounts of intraluminal
tumour, muscle wall infiltration and adventitia: a Siewert type | tumour containing mostly intraluminal tumour with a large amount of
perioesophageal adventitia (A) and a Siewert type Il tumour infiltrating the muscle wall and containing relatively sparce adventitia (B)

is covered in mesothelium, it is termed serosa and forms a
natural surface. This term encompasses the visceral pleura
in the thoracic cavity, which covers the lateral aspects of
the intrathoracic oesophagus, and the visceral peritoneum
in the abdominal cavity, which covers the anterior aspect of
the intra-abdominal oesophagus and the stomach.?

Where the connective tissue layer is not covered in
mesothelium, a natural surface is lacking and it is termed
adventitia. The adventitia of the lower thoracic oesophagus
merges anteriorly with the prepericardial fat pad and pos-
teriorly with the preaortic fascia where there is no serosal
covering. Furthermore, the distribution of the adventitial fat
is not always concentric and it may be concentrated more
anteriorly and posteriorly (Fig 1B). The TARC procedure
is therefore more closely related to the new ‘cylindrical’
operation for low rectal and anal cancer than to total me-
sorectal excision for cancers of the upper and mid-rectum.
The basic anatomical difference is that the upper and mid-
rectum have a well defined fascial plane at the edge of the
mesorectal tissue whereas the low rectum, anal canal and
oesophagus do not.’

Microscopic examination of the sample was performed
to assess the extent of the resection margin. An RO resec-
tion required complete proximal, distal and circumferential
margin clearance. A total circumferential margin resection
was defined as >1mm adventitial clearance where there was
no serosal covering. An R1 resection implied macroscopic
tumour clearance but microscopic margin involvement. If
there was macroscopic evidence of a tumour at the resec-
tion margin, it was considered to be an R2 resection.

For microscopic examination the specimen was sam-
pled as follows:
> A continuous strip of stomach as close as possible to the

gastric staple line (distal resection margin).

> The proximal oesophageal resection margin, taken cir-
cumferentially.

> Up to three of the transverse slices were embedded
intact (including attached pericardium, pleura, dia-
phragm, etc).

> Further sections of the tumour were taken as required,
for example to show the closest approach of the tumour
to the oesophageal adventitial resection margin or
oesophageal (below the diaphragm) or gastric serosa.

> Sections were taken of the background oesophagus and
stomach including any other abnormalities.

> All the lymph nodes were harvested from the specimen
and separated into paraoesophageal, gastric lesser cur-
vature and gastric greater curvature (if any) groups.

A histological response to chemotherapy was scored accord-

ing to the Mandard criteria: the amount of residual tumour

is scored relative to fibrosis on a scale from 1 (complete

regression) to 5 (no regression).'” Other features related to

chemotherapy were noted, eg evidence of tumour necrosis,

mucinous change in the tumour with large extracellular

lakes of mucin, increased nuclear atypia of tumour cells

and the tumour becoming poorly differentiated and con-

sisting of single cells rather than forming glands. This was

reported as either a complete response (Mandard 1), partial

response (Mandard 2-4) or no response (Mandard 5) to

chemotherapy.

Statistical analysis

Data were analysed utilising GraphPad Instat® 3 (GraphPad
Software Inc, La Jolla, CA, US). Long-term survival was
defined as patients actually surviving to five years after the
date of their surgical resection. The independent variables
age, sex, type of operation, tumour type, Siewert type, re-
sponse to chemotherapy, pT stage, pN stage and RO resec-
tion were tested by multiple regression for their effect on
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Table 3 RO and 5-year survival rates for the 30 patients who received neoadjuvant chemotherapy (NAC). The patients were divided

into those who had a histological response to their NAC (Mandard 1-4) and those who did not (Mandard 5). The pathological T and
N stage distributions of the two groups are also shown.

pTO pTl pT2
Partial/complete response to NAC (Mandard 1-4; n=20) 1 4 4 10 1 10

No response to NAC 0 0 3 4 3 2
(Mandard 5; n=10)

pT3 pT4 pNO RO
16 (80%)
2 (20%)t

5-year survival
7 (37%)*
1 (10%)

*One pT2N1 patient, who had a response to NAC, was lost to follow up.

tTp<0.001, RO rate in patients who showed a response to NAC vs RO rate in those who did not

long-term survival. A chi-square test was used to test the
relation between a response to chemotherapy and an RO
resection margin. Differences with a p-value of <0.05 were
deemed statistically significant.

Results

In total, 40 patients underwent resection of an OGJ cancer
during the 2-year study period. The median age was 63
(range: 35-81) and 36 of the patients (90%) were male (Ta-
ble 1). An Ivor-Lewis oesophagogastrectomy was performed
for 19 patients, a transhiatal resection for 16, an extended
total gastrectomy for 4 and a left thoracotomy for 1 patient.

Introducing TARC did not require any additional surgical
instruments. It did result in all patients receiving bilateral
chest drains routinely whereas previously only right-sided
chest drains were placed. One patient had a post-operative
transhiatal herniation of the colon into the left chest re-
quiring reoperation. This was thought to be due to the left
crural dissection. In another patient a puncture was made
in the inferior vena cava during the right crural dissection
and this was repaired with interrupted sutures. There was
no increase in any other intraoperative or post-operative
complications. Nine patients suffered respiratory complica-
tions in the form of a pleural effusion or an infection requir-
ing antibiotics. Two patients suffered clinically significant
anastomotic leaks; one required a reoperation. The median
hospital stay was 15 days (range: 10-91 days). One patient
with a pT2NO tumour died in hospital as a consequence of a
peri-operative bleed unrelated to the TARC.

Inking oesophagogastrectomy specimens to assess later-
al resection margins required no new training or equipment
since it was already standard laboratory practice for other
cancers. Similarly, slicing oesophagogastrectomy speci-
mens transversely and the use of megablocks was similar
to our laboratory practice for rectal cancer and required no
additional training or equipment.

Twenty-seven patients (68%) had RO resections (Table
2). This included eight patients whose initial staging re-
vealed T1/2N0 tumours. These eight patients all underwent
primary surgical intervention and all had an RO resection.
Thirty-two patients, whose initial staging suggested more
advanced tumours, were advised to have NAC and 59% had
RO resections. Two patients declined NAC: one had an RO
resection of a pT3N1 tumour and agreed to six cycles of ad-
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juvant chemotherapy while the other had an R1 resection of
a pT3NO tumour but declined any adjuvant therapy.

The remaining 30 patients received NAC as per the pro-
tocol and 18 (60%) had an RO resection (Table 3). One pa-
tient had complete pathological tumour regression and had
an RO resection. Nineteen patients (63%), staged pT1-4, had
a partial histological response to chemotherapy (Mandard
2-4). Of these, 15 (79%) had RO resections. Ten patients
(35%), staged pT2-4, showed no histological response to
chemotherapy (Mandard 5). Only two of these had an RO re-
section (x*=4.35, p<0.001). The 15 R1 resections were due to
tumour at the inked circumferential margin in 8 specimens,
<Imm from the circumferential margin in 4 specimens and
<Imm from the longitudinal margin in 1 specimen.

One patient with a pT2N1 tumour moved abroad and
was lost to follow up. Of the remaining 38 patients who left
hospital, 16 (42%) were alive at 5 years after the surgical
resection. Five-year survival was significantly related to the
T stage, N stage and RO rate but it was not related to the
patients’ age, sex, tumour type or type of surgical procedure
for access. Of the lymph node positive patients who were
pTxN1, 21 were followed up and 4 (19%) survived 5 years.
Of the patients who had R1 resections, 12 were followed up
and 1 (8%) survived 5 years.

Discussion

Although each cancer patient is treated on an individual
basis with a personal care plan, evidence-based practice
and teamworking have resulted in significant parts of can-
cer treatment becoming standardised.!" An ‘optimal cancer
resection’ can be defined as an operation that has the best
chance of achieving local clearance of the primary tumour,
the lowest local recurrence, the best long-term survival
and the lowest morbidity and mortality rates. Standardised
or ‘optimal’ operations have been described for breast,
melanoma, sarcoma and rectal cancer.”'>1*

Unfortunately, despite these ‘optimal’ cancer resections
even in the best hands positive resection margins (R1 re-
sections) and local recurrence of these cancers do occur.
Operations for OGJ cancers are not as standardised, and
the reported R1 and local recurrence rates are much higher
and greater variations are reported than in rectal cancer
surgery.>>!>!7 In our study we attempted to define the ‘op-
timal cancer resection’ of OGJ tumours as total adventitial
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resection of the cardia (TARC). We furthermore adopted
histopathology techniques developed in rectal cancer to
standardise reporting of circumferential and longitudinal
resection margins.

Skinner published five-year survival rates of 40% in pa-
tients after primary en bloc oesophagectomies for cancer.’
He described his operation as a combination of: a radical
resection of the OGJ including the posterior wall of the
pericardium; an en bloc lymphadenectomy that included
the thoracic duct and upper mediastinal lymph nodes; and a
cervical lymphadenectomy.

Our definition of TARC relates only to the radical resec-
tion of the primary tumour but, unlike Skinner, we did not
include a pericardectomy. We also deliberately did not in-
clude the extent of lymph node resection in the definition of
TARC because we believe that dealing with the lymph nodes
in OGJ cancer should be investigated as a separate onco-
logical issue, similar to gastric cancer.!'®!® The optimal sur-
gical treatment of local, regional and distant lymph nodes
has been researched extensively and debated in breast,
melanoma, rectal and gastric cancer.'®?' In breast cancer
and melanoma surgery, routine radical block dissection of
lymph nodes has made way for more targeted and optimal
node resections.?>?> Our one-field lymphadenectomy is a
more limited lymph node dissection than that described by
Skinner’s group. The other difference is that most of our
patients received NAC.

TARC is a challenging surgical technique. We have
shown that it can be introduced safely. If too much crus
is removed, particularly on the left, an anterior repair of
the tendinous part of the hiatus should be performed with
non-absorbable sutures. On the right the inferior vena cava
should be protected carefully. More radical surgery than
TARC may increase morbidity without providing oncological
benefit. This principle has been demonstrated in melanoma
and breast cancer surgery where excessive resection has
been replaced by ‘optimal resection’ that maximises the rate
of clear resection margins, reduces local recurrence and
improves survival. In rectal cancer ‘optimal cancer surgery’
results in clear resection margins in over 95% of patients.¢

Our RO resection rate of 68% in OGJ cancers despite ‘op-
timal surgery’ partly explains the high local recurrence and
early death rate. We have yet to show that TARC reduces lo-
cal recurrence or improves long-term survival beyond that
achieved by routine resections. We felt it was inappropriate
to compare resection margins in our pre-TARC patients be-
cause pathological processing was only standardised when
TARC was introduced. Standardised pathological processing
is crucial for accurate assessment of resection margins, par-
ticularly circumferential margins.

NAC has been shown in some studies to improve sur-
vival for patients after surgery for breast and oesophagogas-
tric cancer.?% The survival benefit seems to be achieved by
those patients who have a significant response to chemo-
therapy compared with those who have no response.?”
It has been hypothesised that NAC downstages sensitive
oesophagogastric cancers when compared with adjuvant
chemotherapy.?>?® Assessment of the response to NAC can
be by clinical, radiological or histological criteria but it is

not clear which of these parameters best reflects long-term
survival.?® In this study we used only histology to assess the
response to chemotherapy.

Overall, 68% of patients had either a partial or com-
plete histological response to chemotherapy. The RO rate
in the T3N1 NAC group was 59% (82% in the responders
compared with 9% in the non-responders). Previous studies
have reported a wide range of 50-90% clear circumferential
resection margins following oesophagectomies.!5?%2° The
variation in these figures is likely to reflect variation in sur-
gical technique, pathological processing and reporting, and
the stage of the resected tumours. We were unable to relate
a partial response to NAC to T stage reduction. Whereas the
tumour bulk appeared to decrease in patients with a partial
chemotherapy response, cancerous cells were present in all
the histological layers including the adventitia. Any survival
advantage achieved from NAC is unlikely to be solely attrib-
utable to its effects on the primary tumour.

Our data demonstrate that optimising surgical tech-
niques and standardising pathological processing are
achievable objectives in OGJ tumours. An RO resection rate
of 92% is achieved when early stage (T1-2N0) OGJ cancer is
managed with TARC. These early stage tumours are likely to
be cured by TARC with or without chemotherapy.

Patients staged with advanced but ‘operable’ T2-3N1 tu-
mours of the OGJ have a 59% chance of undergoing a ‘cura-
tive’ resection with NAC and TARC. This is largely due to the
66% of patients who have a response to chemotherapy. For
the 33% of patients who have no response to chemotherapy,
the outlook is very poor and it raises the question whether
they will have been better served with primary surgery fol-
lowed by adjuvant therapy.

Conclusions

In the future improved neoadjuvant strategies such as early
assessment of tumour sensitivity, stopping ineffective drugs
and availability of more effective drugs may improve the RO
resection rate for advanced stage tumours. The survival of
advanced OGJ tumours is only likely to improve substan-
tially when neoadjuvant and/or adjuvant therapies become
more effective.
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