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Background: The value of conventional prognostic factors is unclear in the era of multimodal treatment
for oesophageal cancer. This study aimed to quantify the impact of neoadjuvant chemoradiotherapy
(nCRT) and surgery on well established prognostic factors, and to develop and validate a prognostic
model.

Methods: Patients treated with nCRT plus surgery were included. Multivariable Cox modelling was used
to identify prognostic factors for overall survival. A prediction model for individual survival was developed
using stepwise backward selection. The model was internally validated leading to a nomogram for use in
clinical practice.

Results: Some 626 patients who underwent nCRT plus surgery were included. In the multivariable
model, only pretreatment cN category and ypN category were independent prognostic factors. The final
prognostic model included cN, ypT and ypN categories, and had moderate discrimination (c-index at
internal validation 0-63).

Conclusion: In patients with oesophageal or oesophagogastric cancer treated with nCRT plus surgery,
overall survival can best be estimated using a prediction model based on cN, ypT and ypN categories.
Predicted survival according to this model showed only moderate correlation with observed survival,
emphasizing the need for new prognostic factors to improve survival prediction.
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Introduction

In patients with cancer of the oesophagus or oesophago-
gastric junction, several pretreatment prognostic factors
have been identified for those undergoing primary surgical
resection. These include age'?, sex’™>, weight loss®7,
histological tumour subtype®?, tumour location'~12,
tumour length>~1° and clinical TNM stage'®!7. Well
established prognostic factors that become available after
oesophagectomy include surgical approach!®!?, surgical
radicality’®~2?, degree of tumour differentiation®?* and
pathological TNM stage!'??*. Models have been developed
to predict overall survival in individual patients, based on
these factors?’-%%, although most have been identified and
validated in the era of primary surgical resection.

Recent studies show that the addition of neoadju-
vant chemoradiotherapy (nCRT) to surgery improves
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locoregional control and long-term survival compared
with surgery alone?”?%. The value of conventional prog-
nostic factors and the accuracy of models for individual
survival prediction are still unclear, however, in the context
of current multimodal treatment strategies.

The aims of this study were to assess the value of prog-
nostic factors in relation to patients undergoing nCRT
and surgery for oesophageal or junctional cancer, and to
develop and validate a prognostic model for these patients.

Methods

Patients treated with nCRT plus surgery as part of
the single-centre non-randomized CROSS-I trial?’
(2001-2004), with nCRT plus surgery as part of the multi-
centre randomized clinical CROSS-II trial?® (2004—2009),
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Table 1 Clinical, surgical and histopathological characteristics of patients with potentially curable carcinoma of the oesophagus or
oesophagogastric junction, treated with neoadjuvant chemoradiotherapy plus surgery, 2001-2013

nCRT + surgery
(n=626)
Age (years)* 63 (56-69)
Sex ratio (F: M) 134:492
Weight loss (kg)* (n =607) 3 (0-6)
Tumour histology+ Squamous cell carcinoma 139 (22.2)
Adenocarcinoma 481 (76-8)
Indeterminable 6 (1-0)
Tumour location: Upper third 3(0:5)
Middle third 81 (13:0)
Lower third 413 (66-4)
Oesophagogastric junction 125 (20-1)
Missing 4
Tumour lengthz (cm)* (n=579) 5(3-6)
Clinical T category$§ cT1 12 (2-0)
cT2 113 (18-5)
cl3 476 (77-9)
cT4 10 (1-6)
Missing 15
Clinical N category§ cNO 182 (29:7)
cN1 430 (70-3)
Missing 14
Surgical approach Transhiatal 224 (35-8)
Transthoracic 397 (63-4)
Other 5(0-8)
Radicality] RO 589 (94-1)
R1 37 (5:9)
Degree of tumour differentiation# Gx (indeterminable) 171 (36-3)
G1 9(1-9)
G2 133 (28-2)
G3 158 (33:5)
Missing 155
Post-treatment pathological T category* ypTO 187 (29-9)
ypT1 (includes pTis) 89 (14-2)
ypT2 106 (16-9)
ypT3 240 (38:3)
ypT4 4 (0-6)
Post-treatment pathological N category** ypNO 400 (63-9)
ypN1 146 (23-3)
ypN2 60 (9-6)
ypN3 20 (3-2)
Tumour regression gradet+ TRG1 187 (30-1)
TRG2 135 (21.7)
TRG3 175 (28-2)
TRG4 124 (20.0)
Missing 5

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). TDetermined from pretreatment biopsy. Determined by
endoscopy. §Determined by endoscopic ultrasonography and CT with or without fluorodeoxyglucose-PET according to the sixth edition of the
International Union Against Cancer (UICC) TNM classification*”: ¢T1, (sub)mucosal involvement; ¢ T2, proper muscle layer involvement; ¢T3,
surrounding stroma involvement. RO defined as a tumour-free resection margin of at least 1 mm; R1 defined as a macroscopically radical resection, with
a microscopically tumour-free resection margin of less than 1 mm. #Determined in the resection specimen only; histological degree of tumour
differentiation was not determined in the pretreatment biopsy. **pT and pN categories, as measured in the resection specimen, were (re)scored according
to the seventh edition of the UICC TNM classification®!: ypT1, (sub)mucosal involvement; ypT2, proper muscle layer involvement; ypT3, surrounding
stroma involvement; ypNO, no lymph node positivity; ypN1, one or two positive lymph nodes; ypN2, three to six positive lymph nodes; ypN3, seven or
more positive lymph nodes. +Scored as defined by Chirieac ezl.3?33: TRG1, no residual tumour cells found; TRG2, 1-10 per cent residual tumour
cells; TRG3, 11-50 per cent residual tumour cells; TRG4, more than 50 per cent residual tumour cells. nCRT, neoadjuvant chemoradiotherapy.
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or with nCRT plus surgery as standard of care at the Eras-
mus MC, Rotterdam, or the Academic Medical Centre,
Amsterdam (post-CROSS, 2009-2013) were included.
Both squamous cell carcinoma and adenocarcinoma histo-
logies were included. Patients who did not receive at least
80 per cent of the planned dose of chemoradiotherapy,
who received a nCRT regimen other than CROSS or in
whom surgical resection was not completed were excluded.

Clinical staging

Pretreatment staging included: endoscopy with biopsy,
endoscopic ultrasonography (with fine-needle aspira-
tion (FNA) when indicated); CT of the neck, chest and
abdomen; and external ultrasonography of the neck
(with FNA when indicated). PET was not performed
routinely during this study, only when conventional
endoscopic ultrasound imaging and CT showed signs
of extensive lymph node involvement, to obtain further
assurance of the absence of distant dissemination. Tumour
location and length were determined by pretreatment
endoscopy. ¢ and cN categories were determined by
endoscopic ultrasonography and CT with or without
fluorodeoxyglucose-PET according to the sixth edition of
the International Union Against Cancer (UICC) TNM

classification’.

Neoadjuvant and surgical treatment

For carcinomas at or above the level of the carina, a
transthoracic oesophagectomy (TTO) with two-field
lymph node dissection was performed. For carcinomas
located well below the level of the carina, either TTO with
two-field lymph node dissection or transhiatal oesophagec-
tomy (THO) was performed, depending on fitness of the
patient and surgeon preference. For carcinomas involving
the oesophagogastric junction, THO was the preferred
technique. For both the transthoracic and transhiatal
approach, an upper abdominal lymphadenectomy was
performed, including resection of nodes along the hepatic
artery, splenic artery and origin of the left gastric artery.
Open as well as minimally invasive techniques were used.

Pathological assessment

Tumour type was determined from the pretreatment
biopsy, whereas degree of tumour differentiation was
determined in the resection specimen. In the absence
of residual tumour in the resection specimen, degree of
tumour differentiation was scored as indeterminable (Gx).
A microscopically radical resection (R0) was defined as a
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tumour-free resection margin of at least 1 mm. R1 was
defined as a macroscopically radical resection, with a
microscopically tumour-free resection margin of less than
Imm. pT and pN categories were (re)scored according
to the seventh edition of the UICC TNM classification?!.
The tumour regression grade (TRG) was scored using the
system as reported by Chirieac and co-workers??33.

Follow-up and data collection

Clinical and surgical characteristics were collected from
prospectively developed institutional databases. Overall
survival was assessed based on all-cause mortality, and
determined using hospital records and municipal registers.
Overall survival was truncated at 5 years to reduce the effect
of death from other causes.

Statistical analysis

Data are described as median (i.q.r.) for continuous
variables and as frequencies with percentages for
categorical variables. Grouped data were compared using
Student’s # test and Pearson’s y’ test. During imputation,
missing data were assumed to be distributed in the same
way as the rest of the data set’*. Categories with fewer
than 20 patients were combined with related categories.
Weight loss during nCRT was truncated at 10kg (95th
percentile). During imputation, pT0 was set to combine
with TRG1 and Gx. In the total patient cohort, hazard
ratios (HRs), with corresponding 95 per cent confidence
intervals (c.i.) were calculated using a multivariable Cox
proportional hazards model. The following factors were
selected on the basis of their usefulness in other studies and
tested directly in a multivariable model: age, sex, weight
loss, tumour histology, tumour location, tumour length,
cT category, cN category, surgical approach, radicality of
resection, degree of tumour differentiation in the resection
specimen, ypT category, pN category and TRG. Overall
survival was calculated from the end of therapy (day of
surgery in both treatment groups) until death (from any
cause) or end of follow-up.

Development, validation and visualization
of prognostic model

A prognostic model was developed using stepwise back-
ward selection, in which variables were excluded, testing
for the significance of elimination per variable, untl no
further improvement was achieved®’. The prognos-
tic model was internally validated by correcting for
optimism, and cross-validated by dividing the total nCRT
plus surgery cohort into a cohort with patients from the
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Table 2 Multivariable Cox analysis of prognostic factors for overall survival in 626 patients with potentially curable carcinoma of the
oesophagus or oesophagogastric junction, treated with neoadjuvant chemoradiotherapy plus surgery, 2001-2013

Age (per 10 years)
Sex
F
M
Weight loss (per kg)
Tumour histology
Sqguamous cell carcinoma
Adenocarcinoma
Tumour location
Cervical to middle third oesophagus
Lower third oesophagus
Oesophagogastric junction
Tumour length (per cm)
Clinical T category
cT1-2
cT3-4
Clinical N category
cNO
cN1
Surgical approach
Transhiatal
Transthoracic or other
Radicality
RO
R1-2
Degree of tumour differentiation
Gx
G1
G2
G3
Post-treatment pathological T category
ypTO
ypT1
ypT2
ypT3-4
Post-treatment pathological N category
ypNO
ypN1
ypN2
ypN3
Tumour regression grade*
TRG1
TRG2
TRG3
TRG4

Hazard ratio P
1-12 (0-98, 1-28) 0-099
0-77 (0-55, 1-08) 0-129
1-00 (reference)

1-01 (0-98, 1-05) 0-462
0-77 (0-58, 1-12) 0173

1-00 (reference)

1-00 (reference)

0-93 (0-60, 1-44) 0-740
0-72 (0-42, 1-23) 0-232
0-97 (0-92, 1-04) 0-414

1-00 (reference)
1-16 (0-81, 1-67) 0-415

1-00 (reference)
1-46 (1-09, 1-95) 0-012

1-00 (reference)
1.15(0-87, 1-52) 0-333

1-00 (reference)

1-35(0-85, 2-15) 0-202
1.94 (0-36, 8-61) 0-385
1-00 (reference)

2.78 (0-58, 13-25) 0-202
2.80 (0-67, 11-74) 0-159
0-76 (0-49, 1-17) 0-318
1-00 (reference)

1.02 (0-64, 1-61) 0-945
1.15(0-76, 1-73) 0-499

1-00 (reference)

1.78 (1-32, 2-39) <0-001
1.98 (1-29, 3-02) <0-001
4.34 (2-38, 7-93) <0-001
0-77 (0-52, 1-12) 0173
1-00 (reference)

1-21 (0-85, 1:72) 0-302
1-03 (0-69, 1-54) 0-895

Values in parentheses are 95 per cent confidence intervals. *Different groupings of tumour regression grade (TRG) were also tested: TRG1 versus
TRG2-4%, TRGI versus TRG2-3 versus TRG4*, and TRG1-2 versus TRG3-4* (data not shown); none of these groupings showed a significant

independent effect.

Erasmus MC, Rotterdam, and a cohort with patients from
all other centres. The model was tested for prognostic
accuracy using Harrell’s concordance index (c-index)®.
The c-index determines, for two randomly chosen subjects,
the probability that the model predicts a higher risk for the

subject with poorer outcome. Analyses were performed

© 2016 BJS Society Ltd
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using the following R packages’”: ‘multivariate imputation
by chained equations’ (mice)**
)38

and ‘regression modeling
strategies’ (rms

A nomogram was created in which the weights for each
category within an individual risk factor were calculated by
multiplying the original coefficients of the multivariable
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cNO cN1
Clinical node category B—0

0 2 points

ypTO ypT1/pT2 ypT3

Pathological tumour category [ 1 |

0 2 4 points

ypNO ypN1 ypN2 ypN3

Pathological node category [ —a |

0 4 5 10 points

Total points

8 10 12 14 16

75 68 60 51 41

0 2 4

1-year survival (%) L L L
7 91 88 85

5-year survival (%) L L L
70 62 53

Fig. 1 Nomogram for overall survival as developed in 626 patients with potentially curable carcinoma of the oesophagus or
oesophagogastric junction, treated with neoadjuvant chemoradiotherapy (nCRT) plus surgery. From the total points axis, a straight line
down through the survival axes shows survival probabilities at 1 and 5 years. cN category according to the sixth edition of the
International Union Against Cancer (UICC) TNM classification®?: ¢NO, no clinical suspicion of pretreatment lymph node
involvement; N1, clinical suspicion of pretreatment lymph node involvement. ypT category according to the seventh edition of the
UICC TNM classification®': ypT0, no residual tumour at the primary tumour site; ypT1, (subymucosal involvement; yp T2, proper
muscle layer involvement; yp T3, surrounding stroma involvement. pN category according to the seventh edition of the UICC TNM
classification®': ypNO, no lymph node positivity; ypN1, one to two positive lymph nodes; ypN2, three to six positive lymph nodes;

ypN3, seven or more positive lymph nodes

Cox model by ten and rounding the result to the lowest
whole number. The total number of points derived from
all predictors was used to calculate expected 1- and 5-year
overall survival rates.

Results

In the study period, 661 patients underwent nCRT accord-
ing to CROSS followed by resection. Of these, 626 patients
(94-7 per cent) had at least 80 per cent of the neo-
adjuvant regimen and were included for subsequent anal-
ysis. Median age at diagnosis was 63 years (Table I). Most
patients were men (77-8 per cent), and most had an adeno-
carcinoma (76-8 per cent), most often clinically staged as

¢T3 (77-9 per cent).

Prognostic factors

In patients treated with nCRT plus surgery, the only
independent prognostic factors were cN category (HR
1-46, 95 per cent c.i. 1-09 to 1-95; P=0-012) and ypN cat-
egory (ypN1: HR 1-78,1-32 to 2-39, P < 0-001; ypN2: HR
1.98,1-29 t0 3-02, P < 0-001; ypN3: HR 4-34, 2-38 to 7-93,
P <0-001) (1able 2). Specifically, TRG was not prognostic

© 2016 BJS Society Ltd
Published by John Wiley & Sons Ltd

for survival (Tible 2); this was also the case when different
groupings of TRG*?~*! were tested (data not shown).

Prediction model for survival

After stepwise backward selection, the final prediction
model included cN, ypT and ypN categories. Discrimina-
tion of the prediction model was moderate (c-index atinter-
nal validation 0-63). Cross-validation between the Erasmus
MC cohort (246 patients) and the other centres (380) was
comparable (c-index 0-62 and 0-63 respectively). A nomo-
gram was constructed (Fig. I) to allow individual 1- and
S-year overall survival estimations, based on the three vari-
ables included in the final prediction model. As an example,
patients with pretreatment suspicion of nodal disease (¢N1)
and a complete response in the resection specimen (ypT0,
ypNO0) would have a total of 2 points, corresponding to esti-
mated 1- and 5-year survival rates of 88 and 62 per cent
respectively.

Discussion

Pretreatment cN category and post-treatment ypN cat-
egory were the only independent prognostic factors in

www.bjs.co.uk B7S2016; 103: 1039-1047
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patients who underwent at least 80 per cent of nCRT plus
surgery. yp I category was added to the final prediction
model for these patients after backward selection.

ypN category was the most important prognostic fac-
tor in this study, confirming previous reports*#, and
underlining the continued significance of pN category as
an important prognostic factor in the era of multimodal
treatment* ~* . Surprisingly, cN category was an indepen-
dent prognostic factor in patients treated with nCRT plus
surgery, despite its relative inaccuracy***. By definition,
cN category is an estimation of nodal involvement before
nCRT, whereas ypN category is an estimation of nodal
involvement after nCRT. In patients treated with surgery
alone cN and pN categories estimate the same disease state,
whereas in patients treated with nCRT plus surgery cN
category no longer necessarily estimates the same disease
state as ypN category, owing to the effects of nCRT.
Therefore, in patients treated with nCRT plus surgery, cN
and ypN categories are considered to represent different
disease states, and cN category, although relatively
inaccurate, still has additional prognostic value.

Another important finding was that surgical approach
was no longer associated with survival in patients treated
with nCRT plus surgery. This suggests that, in patients
treated with nCRT plus surgery, the benefit of a trans-
thoracic approach is at best limited and the necessity for
maximization of surgical lymph node retrieval should be
questioned. However, only a new randomized clinical trial,
comparing these two surgical approaches (with their inher-
ent differences in extent of lymphadenectomy) after neo-
adjuvant treatment, will offer a definitive answer.

The final prognostic model had moderate discriminatory
ability, although this was lower than that generally reported
for other tumour types after neoadjuvant treatment*¥ .
The present study did not identify any additional factors
outside the TNM staging system that might contribute to
more accurate prognostication related to multimodal treat-
ment. In particular, TRG*#3-37% was not significantly
associated with survival in multivariable analysis. A strong
and significant association of TRG with survival found
at univariable analysis (data not shown) was completely
lost with the addition of pN category only. This suggests
that both factors are present in many of the same patients,
and that pN category carries more prognostic information
than TRG.

The study has limitations. The time interval for data
collection was relatively long (2001-2013). PET-CT
was used only in patients with extensive clinical lymph
node involvement, in order to obtain further assurance
that there were indeed no signs of distant dissemination.
Such selective use of PET-CT might have introduced

© 2016 BJS Society Ltd
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selection bias. The exact number of clinically suspected
nodes was not recorded in many of the earlier patients in
this cohort (before the introduction of the seventh edition
of the UICC TNM classification®!). Therefore, clinical
nodal staging could be determined only for all patients
according to the sixth edition of the TNM classification®?,
which classified nodal disease only as positive or negative.
This necessary categorization may have restricted the
prognostic significance of pretreatment clinical nodal
staging. Although a radical resection with clear margins
(RO) demanded a tumour-free resection margin of at
least 1 mm in the present study, the conclusions drawn
regarding R status might not apply using the College
of American Pathologists’ methodology, where an RO
resection is defined as a tumour-free resection margin
of 0mm or more’'. Tt must also be acknowledged that
not all recognized prognostic factors in oesophageal and
junctional cancer could be included in this study, such as
extracapsular lymph node involvement’? =% signet cell
features in oesophageal adenocarcinomas®~® or genetic
and molecular markers®’-*8,

Although the of patients with
oesophageal or junctional cancer treated with nCRT
plus surgery can best be estimated using a prediction
model based on cN, ypT and ypN categories, the moder-
ate correlation between predicted and observed survival
reinforces the need for novel prognostic factors to improve
prediction of survival.

overall survival
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A simple statistical model consists of an outcome and a sole
explanatory (or predictor) variable. This type of model is
sometimes described as bivariable as it includes only two
variables. It is often used to estimate an ‘unadjusted’ or
‘crude’ effect, that is the influence of a single factor on
the outcome of interest without taking account of other
factors that may also influence the outcome. To produce
an ‘adjusted’ estimate, other explanatory variables can
be incorporated into the model (a multivariable model).
Different models can be used for various types of outcomes
(such as logistic regression for a binary outcome), although
all make assumptions regarding the relationship between
the variables in the model in order to estimate their effects.
Less commonly it may be useful or necessary to model two
or more outcomes together by assuming a joint probability
distribution and constructing a model accordingly (using a
multivariate model)!.

Multivariable models have two major uses: to explain
or to predict. The first purpose is to define (with
allowance for multiple factors) parameter estimates.
In an observational study, an estimate of the factor of
interest with adjustment for other important factors is
often carried out this way. It may not fully resolve the
issue owing to unobserved factors and lead to a biased
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(although hopefully less biased) estimate. In a randomized
trial, the reason for adjusting is mainly to reduce the
uncertainty of the estimates (increase the precision) by
adjusting for pre-specified strongly prognostic factors,
accounting for randomization (stratification) factors, and
adjusting for chance baseline imbalance in continuous
endpoints when studying these endpoints’ change from
baseline.

The second purpose is to predict the outcome typically
for an individual, such as recurrence of disease following
treatment (or classify individual properties). Development
of a multivariable model in order to predict (predictive
or prognostic model) differs from those above. The best
prediction model is simply the model that predicts best’.
Predictive performance can be assessed in different ways.
We will discuss the principles for model choice in each of
these situations in more detail later.
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