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Histopathologic reporting after pancreatoduodenectomy is often non-standardised. Inap-
propriate reporting may bias survival estimates and make comparison between institutions
difficult. Using population-based nationwide data from the Cancer Registry of Norway, we
examined the influence on survival estimates of standardised histopathologic reporting
versus non-standardised histopathologic reporting after pancreatoduodenectomy for ade-
nocarcinomas in the pancreas, distal bile duct, ampulla and duodenum (n = 506). Standard-
ised histopathologic reports from a study hospital (n = 113) were compared with reports
from all other institutions (24 hospitals; n = 393) discriminating between high/medium-vol-
ume and low-volume institutions. In the study hospital, more tissue blocks were sampled,
more nodes were evaluated, and more details about resection margins, size, origin and vas-
cular and perineural infiltration were reported (p <0.001). Multivariable survival analysis
identified lymph node involvement as the factor that is most dependent on standardised
reporting to discriminate between favourable and poor prognostic subgroups (p = 0.018).
Standardised evaluation was more important than hospital volume for completeness of
histopathologic reporting and for accuracy of survival estimates.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

are urgently needed.* In order to translate laboratory research
findings into clinical practice, the first step should be to ascer-

Adenocarcinomas in the pancreatic head are most often non-
resectable, and even when curative-intent resection is per-
formed, most patients die within a few years.>® Adjuvant
treatment trials on advanced and resected pancreatic cancer
have shown only limited effect,® and new treatment options

tain that information on histopathologic prognostic factors is
available for every resected patient, and is recorded in a way
that facilitates comparability between groups of patients.

In spite of many efforts to standardise assessment of pan-
creatoduodenectomy specimens,”*® histopathologic report-
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ing after pancreatic head resections is frequently non-stand-
ardised,'*** even in multicentre studies.’® Non-standardised
reporting could lead to underestimation of the presence of
poor prognostic factors such as resection margin involve-
ment® and regional lymph node metastasis,'” due to lack of
systematic investigation of the resected specimen. Failure to
recognise resection margin or lymph node involvement
would in turn negatively skew survival estimates for allegedly
margin-free or node-free resected patients. Moreover, the pre-
cise tumour origin of adenocarcinomas resected by pancreat-
oduodenectomy (pancreatic, ampullary, distal bile duct or
periampullary duodenal) may be difficult to deter-
mine.”**¥23 Inclusion of prognostically more favourable,
non-pancreatic tumours in reports of pancreatic head resec-
tions could thus skew survival estimates in a positive direc-
tion.?** Standardisation of histopathologic evaluation
should be an effective measure to increase the quality of his-
topathologic reporting, and also ensures adequate inclusion
and stratification for clinical trials.

The direct impact on accuracy of survival estimates de-
rived from standardised histopathologic reporting versus
non-standardised histopathologic reporting of solid cancers
to our knowledge has not been evaluated previously, using
population-based nationwide data comparing the indepen-
dent importance of each factor reported. The aim of this
study was to evaluate whether standardised histopathologic
reporting after curative-intent pancreatoduodenectomy for
adenocarcinoma improves the registration of the prognostic
factors tumour size, lymph node involvement, resection mar-
gin involvement, and tumour origin (pancreatic, ampullary,
distal bile duct or duodenal), adjusting for importance of sur-
gical volume. Furthermore, we wanted to assess the conse-
quences for survival estimates based on these factors

DIAGNOSIS
PANCREATODUODENECTOMY SPECIMEN WITH

comparing standardised reporting versus non-standardised
reporting.

2. Patients and methods

2.1. Patients

The Cancer Registry of Norway receives mandatory reports on
all cases of cancer diagnosed or treated in Norway (population
4.6 million in 2004).%?” By law and according to the Cancer
Registry Regulations, data on verified and suspected cancers
are collected from all hospitals and pathology institutions
and are made available for researchers as deidentified files.
From the Cancer Registry, 506 patients who underwent cura-
tive-intent pancreatoduodenectomy for pancreatic head ade-
nocarcinoma in Norway from 1998 to 2004, inclusive, were
identified. For each patient, the following information was
electronically retrieved from the Cancer Registry: age, gender,
date of surgery and the anatomic site of cancer origin. One
patient was diagnosed with two separate adenocarcinomas
in the pancreatic head, originating from the ampulla and
the pancreas, respectively. For the purpose of the current
study, this patient was classified as having a single tumour
originating from the pancreas.

Among the 506 pancreatoduodenectomies for adenocarci-
nomas, 113 were performed at the study hospital, a third-le-
vel referral hospital with standardised histopathologic
assessment and reporting of pancreatoduodenectomy speci-
mens.'* Basis for standardised reporting at this hospital in-
cluded the use of a standardised protocol for gross
examination, specimen dissection, tissue sampling and
microscopic assessment. The template that is currently used
for summarising the most important histopathologic findings

WELL / MODERATELY / POORLY / ANAPLASTIC DIFFERENTIATED ADENOCARCINOMA OF

PANCREATOBILIARY / INTESTINAL /

(other) HISTOLOGIC TYPE

ORIGINATING FROM THE PANCREAS / DISTAL BILE DUCT / AMPULLA VATERI/ DUODENUM
WITH INFILTRATION INTO THE PANCREAS / DISTAL BILE DUCT / AMPULLA VATERI/ DUODENUM

Extent of tumour growth
Tumour size (largest diameter): mm

Resection margin, distal bile duct: free by minimum mm / involved

Resection margin, pancreatic neck: free by minimum

mm / involved

Resection margin, retroperitoneal (posterior): free by minimum mm / involved

Involvement of large vessels:

(Resection margin: free by minimum mm / involved)

Infiltration to anterior (serosal) margin: detected / not detected

Infiltrasjon to stomach: detected / not detected

Nodal involvement
Regional lymph nodes:
Other lymph nodes: positive in

Other histopathologic characteristics

positive. Total number of regional nodes evaluated:
(location). Total number of other nodes evaluated:

Small-vessel involvement: detected / not detected; in blood / lymph vessels

Perineural involvement: detected / not detected

PanIN, grade detected / not detected (in pancreatic ducts)
BillN, grade detected / not detected (in biliary ducts)

pTNM (dependent on tumour origin):

Additional pathology

Fig. 1 - Template for standardised histopathologic reporting of pancreatic head adenocarcinoma specimens that is currently
used at Rikshospitalet University Hospital (study hospital). In addition to the diagnosis and conclusion reported using this
template, the histopathologic reports consist of a gross description that may include macroscopic photos, and a specific

report on the microscopic examination for each block.
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is shown in Fig. 1. The template was subjected to various min-
or improvements during the study period, reflecting increas-
ing knowledge about the pathology of these carcinomas.
PanIN classification was, for example, included in late 2001,
coinciding with the first publications introducing this new
nomenclature.?® A total of 161 pancreatoduodenectomies
were performed at the study hospital during these seven
years, of which 39 resections were due to diagnoses other
than primary adenocarcinomas. By comparing the list of pa-
tients from the applied search in the Cancer Registry with a
previously acquired list of pancreatoduodenectomies at the
study hospital,** nine missing cases were identified, for which
histopathologic reports had not been received at the Cancer
Registry. Three of these patients were, however, identified in
the Cancer Registry with a biopsy-verified pancreatic head
adenocarcinoma, and additionally three patients were diag-
nosed with adenocarcinomas based on diagnostic imaging.
In addition, two patients were registered with precancerous
changes, while only one patient was completely missing from
the Cancer Registry. Nine patients resected at the study hos-
pital were thus missed by the applied search strategy for
inclusion of patients into this study. To avoid bias due to pos-
sible missing reports also from other institutions, these iden-
tified missing patients from the study hospital were not
included in the study.

In addition, 24 other hospitals in Norway, with various
standards for histopathologic reporting, performed pancre-
atic head adenocarcinoma resections during this 7-year peri-
od. There were no national or regional guidelines for
standardisation of histopathologic assessment and reporting
during the study period. Specific information on histopatho-
logic assessment (e.g. specimen dissection and tissue sam-
pling) at these hospitals was not collected. Histopathologic
reporting and survival estimates from resections performed
at the study hospital were compared with medium- and
low-volume institutions, which we defined as institutions
performing >40 and <40 primary adenocarcinoma resections
during the study period, respectively. Three hospitals, which
were also third-level academic institutions with no particular
selection bias compared to the study hospital, were thus clas-
sified as medium-volume institutions (94, 80 and 47 adeno-
carcinoma resections, respectively), while the remaining 21
hospitals were classified as low-volume institutions (median
3 adenocarcinoma resections; range 1-35). All resections per-
formed at the study hospital or medium-volume hospitals
were reported from the same institutions that performed
the pancreatoduodenectomy, while four (of 172) resections
at low-volume institutions were reported from one of the
medium-volume institutions (the number of specimens eval-
uated at the three medium-volume institutions was thus 95,
82 and 48 specimens, respectively).

Included cases comprised all identified patients that
were resected by pancreatoduodenectomy due to primary
pancreatic head, distal bile duct, ampullary and duodenal
carcinomas. It should be noted that evaluation of the prob-
able origin is highly dependent on the level of histopatho-
logic standardisation.’*?*?° To avoid possible reporting
bias due to variable levels of expertise between institutions
in recognising more uncommon histologic variants such as
invasive IPMN, adenosquamous carcinoma, undifferenti-

ated carcinoma and undifferentiated carcinoma with osteo-
clast-like giant cells, these histologic types were also
included (11 of 506). Similar results were, however, obtained
when tumours registered with such more uncommon histo-
logic types were excluded. Endocrine tumours, non-epithe-
lial primary tumours, secondary tumours, benign lesions,
distal pancreas resections and total pancreatectomies were
all excluded.

Survival and migration status were obtained from the Na-
tional Population Registry. All Norwegian inhabitants receive
a unique personal identification number, enabling near com-
plete follow-up of patients. In the present study, no patients
were lost to follow-up. Patients were followed until death or
5 years of follow-up (mean follow-up for survivors 4.7 years,
range 3.4-5.0 years; survival status checked May 1, 2008). Dur-
ing the study period, adjuvant treatment was not recom-
mended as routine practice.®® Perioperative death was
defined as death within 30 d of operation and was included
in all reported survival analyses (study hospital, 3 deaths;
medium-volume institutions, 11 deaths; low-volume institu-
tions, 13 deaths). Exclusion of perioperative death gave very
similar results.

2.2.  Review of histopathologic reporting

The following information was retrieved by careful review of
all available information in the histopathologic reports: Tu-
mour size (maximum diameter), discriminating between
whether the estimation of tumour size was reported in the fi-
nal conclusion, or in the macroscopic or microscopic descrip-
tion section of the histopathologic report; resection margin
involvement (R status, defining R1 as tumour growth closer
than 1 mm from a resection margin); regional lymph node
involvement (registering also the total number of regional
lymph nodes examined and the number of positive regional
lymph nodes).

The depth of detail and level of standardisation in histo-
pathologic reporting was further evaluated and compared
between reporting institutions by registering the number of
blocks sampled, and by registering whether each of the
following prognostic factors were reported in the diagnosis
or final conclusion of the reports: a statement regarding
pTNM-classification, a statement or discussion about the
probable tumour origin and whether the tumour origin state-
ment was accompanied by a description of the pattern of
infiltrative growth relative to adjacent structures, and
whether there was a presence of precancerous changes such
as dysplasia (including PanIN and BilIN) or an adenoma com-
ponent to support the assessment of tumour origin. Further-
more, the conclusion was evaluated for details of possible
resection margin involvement, i.e. whether margins were suf-
ficiently specified (defined as a minimum to include the pan-
creatic neck, the distal bile duct and the retroperitoneal
margins), partially specified (defined as 1-2 margins men-
tioned) or not specified. Finally, we registered whether the
conclusion described the histologic type and the grade of dif-
ferentiation, and whether there was a presence of vascular or
perineural involvement. All registrations were based solely on
the histopathologic reports retrieved from the Cancer Registry
and thus did not include reclassification of prognostic factors
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based on reevaluation of microscopic slides at the study hos-
pital* or at other institutions.

2.3.  Statistical analysis

Histopathologic reporting and time to overall death after sur-
gical resection were compared between the study hospital
and other institutions. Associations between variables were
examined using Chi-square test, Fisher’s exact test and
Mann-Whitney test. Unadjusted survival analysis was per-
formed using the Kaplan-Meier method, by comparing curves
using log-rank test. Multivariable Cox regression analysis was
used for adjusted survival analysis. The proportional hazards
assumption was tested graphically. For all comparisons by
type of institution, the study hospital was compared with
all other institutions. The p-value for the difference in the ef-
fect of a prognostic factor between study hospital and other
institutions was calculated by including an interaction term
in the model. For all tests, a two-sided p < 0.05 was considered
statistically significant. Statistical analyses were performed in
SPSS 15.0 for Windows software (SPSS Inc., Chicago, IL, United
States).

3. Results

The study comprised the results of all 506 curative-intent
pancreatoduodenectomies for adenocarcinoma that were re-
ported in Norway during 1998-2004, including 113 resections
(22%) at the study hospital, 221 at the three other medium-
volume institutions and 172 at the 21 low-volume institu-
tions. Table 1 shows the distribution of the tumours by cancer
origin as reported by the pathologists at different institutions
(p < 0.0001). Although overall 5-year survival was significantly
better at the study hospital, involvement of regional lymph
nodes (p =0.011) and resection margins (p = 0.051) was more
frequently reported at the study hospital compared to the
other institutions (Table 2). In addition, pathologists at the
study hospital sampled more tissue blocks, evaluated more
lymph nodes, reported tumour size more consistently, and in-
cluded more information about status at individual resection
margins (Table 3). While almost all conclusions in the reports
from the study hospital (more than 98%) included prognosti-
cally important information about small-vessel or perineural
involvement, this information was most often not available in
the conclusions of histopathologic reports from other hospi-
tals (less than 40%). Coinciding with the introduction of the
nomenclature for PanIN lesions,”® reporting at the study hos-

pital of data on precancerous changes increased from 19% in
1998-2001 to 77% in 2002-2004 (p < 0.001). Reporting of data on
precancerous changes at other institutions increased from
9.6% in 1998-2001 to 17% in 2002-2004 (p = 0.036).

In univariate survival analysis, patients who were reported
from the study hospital to have node-free resection, had sig-
nificantly improved long-term survival compared to those re-
ported to have node-free resection at other institutions
(Fig. 2A, p =0.0005). For node-positive resections, there was
no such difference (Fig. 2B, p = 0.63). The increased relative
risk of death for N1 resection versus NO resection was thus
significantly higher (p = 0.005) at the study hospital (HR 4.15,
95% confidence interval (CI) 2.46-6.99) compared to at other
institutions (HR 1.70, 95% CI 1.36-2.12), irrespective of surgical
volume (Fig. 3). Survival was better for patients resected at the
study hospital regardless of whether or not there had been
found resection margin involvement (Fig. 2C, p=0.022;
Fig. 2D, p=0.017). Although resection margins had been
reported in more detail at the study hospital (Table 3), the
increased risk of death for patients with reported margin-in-
volved resection versus margin-free resection was similar
(p=0.87) comparing the study hospital (HR 1.91, 95% CI
1.23-2.95) with the other institutions (HR 1.91, 95% CI 1.52-
2.42). Patients reported to have tumour size <2.5cm had
significantly improved survival at the study hospital com-
pared to those in the other institutions (Fig. 2E, p = 0.042),
while there was no significant difference between institutions
for tumours >2.5 cm (Fig. 2F, p = 0.80). Finally, although the
anatomic site of cancer origin (pancreas, ampulla, distal bile
duct or duodenum) was assessed in more detail at the study
hospital (Table 3), standardised evaluation and reporting of
tumour origin did not discriminate better between prognosti-
cally favourable versus unfavourable subgroups of patients
(Supplementary Fig. 1).

Multivariable analysis confirmed that regional lymph node
involvement, resection margin involvement and large tumour
size was independently associated with poor survival (Table
4A). Regional lymph node involvement was associated with
an almost four times increased risk of death when assessed
at the study hospital (HR 3.70, 95% CI 2.17-6.31, Table 4B),
while the increase in the risk of death was only approxi-
mately one-and-a-half when assessed at other institutions
(HR 1.52, 95% CI 1.19-1.95, Table 4C) (p = 0.018). The effect on
prognostic estimates of standardising evaluation of resection
margin involvement was less pronounced, due to a strong
association between lymph node involvement and resection
margin involvement, both at the study hospital (p <0.001)

Table 1 - Pancreatoduodenectomies for adenocarcinomas in Norway 1998-2004 (n = 506).

Institution

Study hospital, n =113

Medium volume, n = 221

Low volume, n=172

Tumour origin

Ampulla 40 (35.4%)
Duodenum 12 (10.6%)
Distal bile duct 9 (8.0%)
Pancreas 52 (46.0%)

34 (15.4%) 37 (21.5%)

7 (3.2%) 4 (2.3%)
21 (9.5%) 18 (10.5%)
159 (71.9%) 113 (65.7%)

p <0.0001, Chi-square test.
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Table 2 - Pancreatoduodenectomies for adenocarcinomas in Norway 1998-2004 (n = 506), patient and tumour

characteristics.
Institution p-Value?®
Study hospital ~Medium volume Low volume

Five-year survival (%) 26% 19% 13% 0.009
Survival, median (years) 1.7 1.3 1.3

Perioperative death, 30 d 2.7% 5.0% 7.5% 0.150
Gender, % female 49% 44% 44% 0.381
Age at time of surgery, median (years) 67 69 67 0.183
Tumour size, median 2.5 3.0 2.5 0.692
Tumour size, mean 2.9 3.0 3.1

Regional lymph nodes involved 60% 50% 42% 0.011
Resection margins involved 39% 28% 31% 0.051
Poorly differentiated tumour 30% 29% 31% 0.904
Pancreatic tumour origin (versus ampullary, biliary or duodenal) 46% 72% 66% <0.001
Pancreatic or biliary tumour origin (versus ampullary or duodenal) 54% 81% 76% <0.001

a Study hospital versus all other institutions; Chi-square test for categorical variables, Mann-Whitney test for tumour size and age and log-

rank test for survival comparisons.

Table 3 - Pancreatoduodenectomies for adenocarcinomas in Norway 1998-2004 (n = 506), details in histopathologic

reports.
Institution p-Value?®
Study Medium Low
hospital volume volume

Number of patients per hospital, mean 113 74 8.2 -
Number of hospitals 1 3 21 -
Tissue sampling
Number of blocks sampled, median 19 12 15 <0.001
Lymph nodes examined, median 9 5 5 <0.001
Missing information about number of blocks sampled 0 1 -
Missing information about number of nodes examined 0 10 7 0.018°
PTNM-classification stated 100% 40% 31% <0.001
Cancer origin assessment, details in conclusion of histopathologic report
Probable cancer origin stated or discussed 97% 80% 85% <0.001
Tumour infiltration and relation to adjacent structures described 99% 70% 74% <0.001
Premalignant changes evaluated (adenoma, dysplasia, in situ carcinoma) 48% 11% 15% <0.001
Histopathologic characteristics specified in conclusion of report
Histologic type 88% 21% 31% <0.001
Grade of differentiation 92% 90% 88% 0.323
Vascular infiltration 98% 12% 35% <0.001
Perineural infiltration 99% 14% 19% <0.001
Individual margin assessment, details in conclusion of histopathologic report <0.001
Margins sufficiently specified (pancreatic, bile duct, retroperitoneal) 96% 8.1% 16%
Margins partially specified (1-2 margins) 2.7% 43% 51%
Margins not specified 1.8% 48% 34%
Tumour size reporting <0.001
Report concludes with an estimation of tumour size 95% 41% 56%
Tumour size only described by gross examination 2.7% 44% 31%
Missing information about tumour size 2.7% 15% 13%

a Chi-square test (categorical variables) or Mann-Whitney test (blocks, nodes) when not otherwise specified.

b Fisher’s exact test.

and at other institutions (p <0.001). The hazard ratios for
resection margin involvement did not differ significantly be-
tween the study hospital (Table 4B) and other institutions (Ta-

ble 4C) (p =0.41). Similarly, the increased risk of death for
tumour size was not significantly different between institu-
tions (Table 4B and C) (p = 0.19).
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Fig. 2 - Unadjusted survival after pancreatoduodenectomy for adenocarcinoma, by type of institution (SH, study hospital; MV,
medium-volume institutions; LV, low-volume institutions), stratified by (A) NO resections (n = 255, p = 0.00018), (B) N1
resections (n = 251, p = 0.40), (C) RO resections (n = 347, p = 0.022), (D) R1 resections (n = 159, p = 0.017), (E) tumour size <2.5 cm
(n =223, p = 0.037), (F) tumour size >2.5 cm (n = 224, p = 0.61); log-rank test, SH versus all other institutions.

4, Discussion

This study is the first to compare the direct effect of standard-
ised histopathologic reporting versus non-standardised histo-
pathologic reporting on resected solid tumours using
nationwide population-based survival estimates. In pancre-
atic head adenocarcinomas, studies have shown that identifi-
cation of prognostic factors such as regional lymph node
involvement'”*! or resection margin involvement®® signifi-
cantly improves when histopathologic examination is per-
formed according to a standardised protocol. However, to
our knowledge no previous study has compared the effect
on survival estimates for each reported histopathologic factor
independently, adjusting for the importance of each factor, in

a setting of standardised versus non-standardised histopa-
thology reporting.

In Norway, every inhabitant has a unique personal identi-
fication number that may be used to link national databases
such as the Population Registry and the Cancer Registry, en-
abling acquisition of nationwide, population-based data on
clinical and prognostic factors. The present study, comprising
all reported pancreatic head adenocarcinoma resections in
Norway in a 7-year period within the last decade, confirms
that non-standardised reporting leads to underestimation of
regional lymph node'” and resection margin®® involvement.
In addition, the study demonstrates that non-standardised
reporting leads to incomplete reporting for all evaluated his-
topathologic prognostic factors except degree of differentiation.
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Hazard ratio. N1 versus NO. by surgical volume

Surgical volume Hospitals N

Study hospital 1 113 [ T
> 40 operations 3 21 i~
30-39 operations 1 3B i~
20-29 operations 2 46 [ ———F——
10-19 operations 4 55 [ ————i~
1-9 operations 14 36 [ ———i+

0.00 1.00 2.00 3.00 4.00 5.00 6.00

Hazard ratio

Fig. 3 - Effect of increasing surgical volume on prognostic
validity of nodal staging. Hazard ratio >1 indicates unfa-
vourable survival for N1 compared to NO; bars represent
hazard ratios with their 95% confidence intervals. “p < 0.05
and ‘p = 0.142 for the interactions between hazard ratios for
nodal stage versus institutions, comparing institutions of
different surgical volumes with the study hospital; Cox
regression analysis. N, total number of patients in category.

For example, information about tumour size was more often
missing in reports from institutions with non-standardised
histopathologic reporting. However, previous studies have
demonstrated that tumour size is an independent prognostic
factor,?? which the present study also confirms.
Standardised histopathologic evaluation at the study hos-
pital included the use of a systematic protocol for (a) gross
examination, (b) specimen dissection, (c) tissue sampling,
(d) microscopic evaluation and in addition (e) the use of a
template for histopathologic reporting. A possible limitation
of the study is that we did not collect information from the
other institutions about the first four steps (a-d). All five steps
are important for consistency and completeness of reporting.
For the pathologist, template reporting serves as a checklist,
ensuring that examination was in fact performed according
to the protocol. For the clinician, template reporting provides
a clear, concise and consistent report on the key histopatho-
logic findings, which the clinician may need in order to decide
on adjuvant treatment options or enrollment in clinical trials.
Template reporting also facilitates changes of practice at

Table 4 - Pancreatoduodenectomies for adenocarcinomas in Norway 1998-2004, multivariable survival analysis of 447

cases®,

Percent of resections (%) Hazard ratio  95% CI for hazard ratio  p-Value
A. Overall analysis (n = 447)*
Type of institution
Study hospital 25 1 (ref) 0.005
Medium-volume institutions 42 1.39 1.06-1.83 0.018
Low-volume institutions 33 1.59 1.20-2.10 0.001
Regional lymph node involvement
NO 51 1 (ref)
N1 49 1.80 1.44-2.25 <0.001
Resection margin involvement
RO 68 1 (ref)
R1 32 1.78 1.42-2.24 <0.001
Tumour size, best estimation of maximum diameter®
<2.0cm 31 1 (ref) 0.002
2.1-3.0cm 34 1.47 1.12-1.92 0.005
>3.0cm 35 1.58 1.21-2.06 0.001
Age, years
<60 29 1 (ref) 0.017
60-74 52 1.28 1.00-1.64 0.049
>75 19 1.55 1.14-2.10 0.005
Gender
Female 55 1 (ref)
Male 45 0.99 0.80-1.22 0.915
B. Study hospital (n = 110)*
Regional lymph nodes involved, N1 versus NO 62 3.70 2.17-6.31 <0.001
Resection margins involved, R1 versus RO 40 1.41 0.90-2.23 0.137
Increasing tumour size, >2.5 cm versus <2.5 cm 47 1.90 1.23-2.95 0.004
Increasing age, >65 years versus <65 years 54 1.41 0.91-2.19 0.122
Gender, male versus female 51 0.94 0.61-1.46 0.785
C. Other institutions (n = 337)*
Regional lymph nodes involved, N1 versus NO 45 1.52 1.19-1.95 <0.001
Resection margins involved, R1 versus RO 30 1.94 1.49-2.52 <0.001
Increasing tumour size, >2.5 cm versus <2.5 cm 51 1.23 0.97-1.57 0.092
Increasing age, >65 years versus <65 years 60 1.26 0.98-1.61 0.067
Gender, male versus female 56 1.01 0.80-1.29 0.925

a Tumour size not reported in 3 (study hospital) and 56 (other institutions) cases (thus 59 of 506 cases excluded from multivariable analysis).
b Diameter as reported in the concluding, microscopic or macroscopic sections of the report (in this order).
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pathology institutions, for example with respect to updates
on TNM-classification or reporting of precancerous lesions.
Thus, after the new nomenclature for PanIN lesions had been
proposed in 2001?® and subsequently included in the template
at the study hospital, information about possible precancer-
ous changes was reported four times more often at the study
hospital while only twice as often at other institutions.

The direct effect on survival estimates of standardising his-
topathologic reporting was evaluated by comparing the sur-
vival estimates based on the histopathologic reports from the
different types of institution. The study confirms that increas-
ing hospital volume is associated with reduced perioperative
mortality and improved long-term survival (Table 2).>*** How-
ever, standardised reporting may matter more than institu-
tional volume for accuracy of long-term survival estimates.
While medium- and low-volume institutions generally re-
ported with the same level of detail, there were prominent dif-
ferences in reporting (Table 3) and univariate survival (Figs. 2
and 3) when comparing the study hospital and medium-vol-
ume institutions. In particular, the relative risk of death for pa-
tients with lymph node involvement versus patients with no
lymph node involvement was significantly higher at the study
hospital compared to other institutions (Fig. 3 and Table 4B and
C). Standardised reporting for lymph node involvement seems
to be more important for accuracy of survival estimates than
standardised reporting for resection margin involvement, tu-
mour size and cancer origin. Not only RO resected patients
butalso R1resected patients had abetter prognosis at the study
hospital compared to the other institutions. There was a signif-
icant association between resection margin and lymph node
involvement. In addition, resection margin involvement was
more frequently detected at the study hospital, and stage
migration could thus also explain why the prognosis was better
for both the subgroups.

Standardising the evaluation of cancer origin (pancreatic,
biliary, ampullary or duodenal) did not discriminate better be-
tween prognostically favourable (ampullary and duodenal)
and unfavourable (pancreatic and biliary) subgroups of re-
sected pancreatic head adenocarcinomas (Supplementary
Fig. 1). Standardising the histopathologic assessment is the
most probable explanation for the higher proportion of ampul-
lary (and duodenal) tumours at the study hospital (Table 1), in
accordance with the data published by Verbeke and col-
leagues.” Although the overall analysis showed significantly
better survival at the study hospital than at the other institu-
tions (Table 2), there were no differences stratifying by tumour
origin (Supplementary Fig. 1). Non-standardised evaluation
could resultin misdiagnosis with respect to tumour origin, pos-
sibly skewing the prognostic estimates for pancreatic tumours
in a positive direction.>* Furthermore, the histologic type,
which is typically either pancreatobiliary or intestinal,”® might
have been taken into consideration by pathologists at the insti-
tutions other than the study hospital when determining the tu-
mour origin. In WHO classification of gastrointestinal tumours,
the tumour origin (topographic diagnosis) and the histologic
type (morphologic phenotype) are two distinct features.> In
the present study, reports from institutions other than the
study hospital very seldom concluded with a histologic type
other than the typical ductal pancreatic adenocarcinoma. His-
tologic variants of ductal pancreatic adenocarcinoma have in

factbeenincreasingly acknowledged in recent years, and these
are of importance since these variants have distinct clinical
and pathological features.***® Some ductal adenocarcinomas
of pancreatic?****° and biliary origin®>*®** mayin factbe intes-
tinally differentiated, although most are pancreatobiliary. Both
these histologic types are frequently found among ampullary
adenocarcinomas,'®?**? of which the pancreatobiliary type
has the poorest prognosis.'®:?1:23:42-44

In two recent reports,”**> we compared tumour origin and
histologic type (pancreatobiliary versus intestinal) and dem-
onstrated that overall survival after curative-intent pancreat-
oduodenectomy depended more on the histologic type than
on the assumed anatomic cancer origin. In resections for pan-
creatobiliary-type adenocarcinomas of comparable size, the
tumour origin (ampulla, distal bile duct or pancreas) was
not significantly associated with the prognosis. The histologic
type is thus a better prognostic indicator than the anatomic
tumour origin and is also easier to determine. Conclusive
identification of the tumour origin in pancreatic head adeno-
carcinomas may in certain cases be impossible, in particular
when the tumour involves more than one of the sites of po-
tential origin.”***¥2146 Incorrect cancer origin classification
also has implications for TNM-classification since criteria
are different for the different origins.®*’ Furthermore, many
patients in fact lack a defined ampulla,*® and the need for a
separate TNM-classification for ampullary adenocarcinomas
may indeed be questioned.?>*°

Knowledge about molecular pathways involved in cancer
development and progression is rapidly increasing. In order
to evaluate the effect of new treatments, a first step should
be to ascertain that inclusion and stratification in clinical tri-
als is adequate. Many previous trials, for instance the ESPAC-
1°° and CONKO-001% studies, have often been performed
without sufficient standardisation and quality control on his-
topathology. The lack of standardisation might cast doubt on
some of the results and conclusions drawn from such studies.
The present study demonstrates, using population-based
nationwide data on resected pancreatic head adenocarcino-
mas, that standardisation of histopathologic reporting signif-
icantly improves diagnostic accuracy and prognostic
estimates. In particular, standardised histopathologic report-
ing was crucial for adequate lymph node evaluation. To eval-
uate clinical trials on resected solid cancers, standardised
histopathologic reporting should be mandatory.

Conflict of interest statement

None declared.

Acknowledgements

The study was supported by the University of Oslo and Riks-
hospitalet University Hospital.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.ejca.2009.03.019.


http://dx.doi.org/10.1016/j.ejca.2009.03.019

2858

EUROPEAN JOURNAL OF CANCER 45 (2009) 2850-2859

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ghaneh P, Costello E, Neoptolemos JP. Biology and
management of pancreatic cancer. Gut 2007;56(8):
1134-52.

. Riall TS, Cameron JL, Lillemoe KD, et al. Resected

periampullary adenocarcinoma: 5-year survivors and their 6-
to 10-year follow-up. Surgery 2006;140(5):764-72.

. Vulfovich M, Rocha-Lima C. Novel advances in pancreatic

cancer treatment. Expert Rev Anticancer Ther
2008;8(6):993-1002.

. Strimpakos A, Saif MW, Syrigos KN. Pancreatic cancer: from

molecular pathogenesis to targeted therapy. Cancer Metastasis
Rev 2008;27(3):495-522.

. Staley CA, Cleary KR, Abbruzzese JL, et al. The need for

standardized pathologic staging of pancreaticoduodenectomy
specimens. Pancreas 1996;12(4):373-80.

. Hruban RH, Westra WH, Phelps TH, Isacson C, editors. Surgical

pathology dissection. New York: Springer-Verlag Telos; 1996.

. Luttges J, Zamboni G, Kloppel G. Recommendation for the

examination of pancreaticoduodenectomy specimens
removed from patients with carcinoma of the exocrine
pancreas. A proposal for a standardized pathological staging
of pancreaticoduodenectomy specimens including a
checklist. Dig Surg 1999;16(4):291-6.

. Albores-Saavedra J, Heffess C, Hruban RH, Klimstra D,

Longnecker D. Recommendations for the reporting of
pancreatic specimens containing malignant tumors. The
Association of Directors of Anatomic and Surgical Pathology.
Am ] Clin Pathol 1999;111(3):304-7.

. Greene FL, editor. AJCC cancer staging manual. New

York: Springer; 2002.

The Royal College of Pathologists. Standards and minimum
datasets for reporting cancers. minimum dataset for the
histopathological reporting of pancreatic, ampulla of vater
and bile duct carcinoma. Datasets and tissue pathways 2002
February. <http://www.rcpath.org/resources/pdf/
pancreas_dataset2802.pdf> [accessed January 3 2009].
Demetter P, Cuvelier CA. Guidelines for adequate
histopathological reporting of pancreatic ductal
adenocarcinoma resection specimens. Acta Gastroenterol Belg
2004;67(1):46-9.

College of American Pathologists. Cancer protocols and
checklists: pancreas (exocrine). Ampulla of Vater.
Extrahepatic bile ducts. Small intestine. Reference resources
and publications 2005 January <http://www.cap.org/>
[accessed January 3 2009].

Verbeke CS, Leitch D, Menon KV, McMahon M]J, Guillou PJ,
Anthoney A. Redefining the R1 resection in pancreatic cancer.
Br ] Surg 2006;93(10):1232-7.

Westgaard A, Tafjord S, Farstad IN, et al. Resectable
adenocarcinomas in the pancreatic head: the retroperitoneal
resection margin is an independent prognostic factor. BMC
Cancer 2008;8:5.

Esposito I, Kleeff ], Bergmann F, et al. Most pancreatic cancer
resections are R1 resections. Ann Surg Oncol 2008(6):1651-60.
Oettle H, Post S, Neuhaus P, et al. Adjuvant chemotherapy
with gemcitabine vs observation in patients undergoing
curative-intent resection of pancreatic cancer: a randomized
controlled trial. JAMA 2007;297(3):267-77.

Bilimoria KY, Talamonti MS, Wayne JD, et al. Effect of hospital
type and volume on lymph node evaluation for gastric and
pancreatic cancer. Arch Surg 2008;143(7):671-8.

Ampulla of Vater, . In: Greene FL, editor. AJCC cancer staging
manual. New York: Springer; 2002. p. 151-6.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Albores-Saavedra ], Henson DE, Klimstra DS. Malignant
epithelial tumors of the ampulla. Tumors of the gallbladder,
extrahepatic bile ducts, and ampulla of Vater. Washington

(DC): Armed Forces Institute of Pathology; 2000. p. 259-316.
Fisher W, Bakey M. Differences between ampullary,
periampullary and pancreatic cancer. World J Surg
2007;31(1):144-6.

Howe JR, Klimstra DS, Moccia RD, Conlon KC, Brennan MF.
Factors predictive of survival in ampullary carcinoma. Ann
Surg 1998;228(1):87-94.

Schirmacher P, Buchler MW. Ampullary adenocarcinoma -
differentiation matters. BMC Cancer 2008;8:251.

Westgaard A, Tafjord S, Farstad IN, et al. Pancreatobiliary
versus intestinal histologic type of differentiation is an
independent prognostic factor in resected periampullary
adenocarcinoma. BMC Cancer 2008;8:170.
Carpelan-Holmstrom M, Nordling S, Pukkala E, et al. Does
anyone survive pancreatic ductal adenocarcinoma? A
nationwide study re-evaluating the data of the Finnish
Cancer Registry. Gut 2005;54(3):385-7.

Sarmiento JM, Nagomey DM, Sarr MG, Farnell MB.
Periampullary cancers: are there differences? Surg Clin North
Am 2001;81(3):543-55.

Larsen IK, Smastuen M, Parkin DM, Bray F. Data quality at the
Cancer Registry of Norway. Cancer in Norway 2006 — Cancer
incidence, mortality, survival and prevalence in Norway. Oslo,
Cancer Registry of Norway; 2007.

The Ministry of Health and Social Affairs. Regulations on the
collection and processing of personal health data in the
Cancer Registry of Norway (Cancer Registry Regulations).
Regulations of 21 December 2001 No. 1477 2001 December 21
<http://www.ub.uio.no/ujur/ulovdata/for-20011221-1477-
eng.doc> [accessed Jan 3 2009].

Hruban RH, Adsay NV, Albores-Saavedra J, et al. Pancreatic
intraepithelial neoplasia: a new nomenclature and
classification system for pancreatic duct lesions. Am ] Surg
Pathol 2001;25(5):579-86.

Verbeke CS. Resection margins and R1 rates in pancreatic
cancer-are we there yet? Histopathology 2008;52(7):787-96.
Tveit KM, Giercksky K-E, Dahl O. Kapittel 26: Gastrointestinal
kreft. Cytostatika: medikamentell kreftbehandling 2002
December. <http://www.med.uio.no/rh/farmakoterapi/
cytostatika> [accessed March 2 2009].

Tomlinson JS, Jain S, Bentrem DJ, et al. Accuracy of staging
node-negative pancreas cancer: a potential quality measure.
Arch Surg 2007;142(8):723-67.

Shimada K, Sakamoto Y, Sano T, Kosuge T, Hiraoka N.
Reappraisal of the clinical significance of tumor size in
patients with pancreatic ductal carcinoma. Pancreas
2006;33(3):233-9.

Birkmeyer JD, Siewers AE, Finlayson EVA, et al. Hospital
volume and surgical mortality in the United States. New Engl J
Med 2002;346(15):1128-37.

Bilimoria KY, Bentrem D], Feinglass JM, et al. Directing
surgical quality improvement initiatives: comparison of
perioperative mortality and long-term survival for cancer
surgery. J Clin Oncol 2008;26(28):4626-33.

Hamilton SR, Aaltonen LA. Pathology and genetics of tumours
of the digestive system. Lyon: IARC Press; 2000.

Hruban RH, Fukushima N. Pancreatic adenocarcinoma:
update on the surgical pathology of carcinomas of ductal
origin and PanINs. Mod Pathol 2007;20(suppl. 1):561-70.

. Albores-Saavedra J, Henson DE, Klimstra DS. Tumors of the

gallbladder, extrahepatic bile ducts, and ampulla of
Vater. Washington (DC): Armed Forces Institute of Pathology;
2000.


http://www.rcpath.org/resources/pdf/pancreas_dataset2802.pdf
http://www.rcpath.org/resources/pdf/pancreas_dataset2802.pdf
http://www.cap.org/
http://www.ub.uio.no/ujur/ulovdata/for-20011221-1477-eng.doc
http://www.ub.uio.no/ujur/ulovdata/for-20011221-1477-eng.doc
http://www.med.uio.no/rh/farmakoterapi/cytostatika
http://www.med.uio.no/rh/farmakoterapi/cytostatika

EUROPEAN JOURNAL OF CANCER 45 (2009) 2850-2859

2859

38.

39.

40.

41.

42.

43.

44.

Albores-Saavedra J, Simpson K, Dancer Y], Hruban R.
Intestinal type adenocarcinoma: a previously unrecognized
histologic variant of ductal carcinoma of the pancreas. Ann
Diagn Pathol 2007;11(1):3-9.

Matsumoto K, Mizoshita T, Tsukamoto T, et al. Cdx2
expression in pancreatic tumors: relationship with prognosis
of invasive ductal carcinomas. Oncol Rep 2004;12(6):1239-43.
Hong SM, Cho H, Moskaluk CA, Frierson Jr HF, Yu E, Ro JY.
CDX2 and MUC2 protein expression in extrahepatic bile duct
carcinoma. Am J Clin Pathol 2005;124(3):361-70.
Albores-Saavedra ], Henson DE, Klimstra DS. Dysplasia,
carcinoma in situ, and invasive carcinoma of the extrahepatic bile
ducts. Tumors of the gallbladder, extrahepatic bile ducts, and
ampulla of Vater. Washington (DC): Armed Forces Institute of
Pathology; 2000. p. 191-215.

Kimura W, Futakawa N, Yamagata S, et al. Different
clinicopathologic findings in two histologic types of
carcinoma of papilla of Vater. Jpn J Cancer Res 1994;85(2):161-6.
Albores-Saavedra ], Menck HR, Scoazec JC, et al. Carcinoma
of the gallbladder and extrahepatic bile ducts. In: Hamilton
SR, Aaltonen LA, editors. Pathology and genetics of tumours of the
digestive system. Lyon: IARC Press; 2000. p. 206-13.

Zhou H, Schaefer N, Wolff M, Fischer HP. Carcinoma of the
ampulla of Vater: comparative histologic/

45.

46.

47.

48.

49.

50.

immunohistochemical classification and follow-up. Am J Surg
Pathol 2004;28(7):875-82.

Westgaard A, Schjolberg AR, Cvancarova M, Eide TJ, Clausen
OPF, Gladhaug IP. Differentiation markers in pancreatic head
adenocarcinomas: MUC1 and MUC4 expression indicates
poor prognosis in pancreatobiliary differentiated tumours.
Histopathology 2009;54(3):337-47.

Monson JR, Donohue JH, McEntee GP, et al. Radical resection
for carcinoma of the ampulla of Vater. Arch Surg
1991;126(3):353-7.

Sobin LH, Wittekind C, editors. TNM classification of malignant
tumours. 6th ed. New York: Wiley-Liss; 2002.

Frierson Jr HF. The gross anatomy and histology of the
gallbladder, extrahepatic bile ducts, Vaterian system, and
minor papilla. Am J Surg Pathol 1989;13(2):146-62.

Carter JT, Grenert JP, Rubenstein L, Stewart L, Way LW.
Tumors of the ampulla of vater: histopathologic
classification and predictors of survival. ] Am Coll Surg
2008;207/(2):210-8.

Neoptolemos JP, Stocken DD, Dunn JA, et al. Influence of
resection margins on survival for patients with pancreatic
cancer treated by adjuvant chemoradiation and/or
chemotherapy in the ESPAC-1 randomized controlled trial.
Ann Surg 2001;234(6):758-68.



	Are survival predictions reliable? Hospital volume versus standardisation of histopathologic reporting for accuracy of survival estimates after pancreatoduodenectomy for adenocarcinoma
	Introduction
	Patients and methods
	Patients
	Review of histopathologic reporting
	Statistical analysis

	Results
	Discussion
	Conflict of interest statement
	Acknowledgements
	Supplementary data
	References


