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Pancreatitis and pancreatic cancer risk: a pooled
analysis in the International Pancreatic Cancer
Case-Control Consortium (PanC4)
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Background: Pancreatitis is a known risk factor for pancreatic cancer; however, an unknown fraction of the disease
is thought to be a consequence of tumor-related duct obstruction.

Patients and methods: A pooled analysis of a history of pancreatitis and risk of pancreatic cancer was carried out
considering the time interval between diagnoses and potential modification by covariates. Adjusted pooled odds ratios
(ORs) and 95% confidence intervals (Cls) were estimated from 10 case—control studies (5048 cases of ductal
pancreatic adenocarcinoma and 10 947 controls) taking part in the International Pancreatic Cancer Case-Control
Consortium (PanC4).

Results: The association between pancreatitis and pancreatic cancer was nearly three-fold at intervals of >2 years
between diagnoses (OR: 2.71, 95% CI: 1.96-3.74) and much stronger at intervals of <2 years (OR: 13.56, 95%

Cl: 8.72-21.90) probably reflecting a combination of reverse causation and antecedent misdiagnosis of pancreas
cancer as pancreatitis. The younger (<65 years) pancreatic cancer cases showed stronger associations with previous
(>2 years) pancreatitis (OR: 3.91, 95% Cl: 2.53-6.04) than the older (>65 years) cases (OR: 1.68, 95% Cl: 1.02-2.76;
P value for interaction: 0.006).

Conclusions: Despite a moderately strong association between pancreatitis (diagnosed before >2 years) and
pancreatic cancer, the population attributable fraction was estimated at 1.34% (95% Cl: 0.612-2.07%), suggesting that
a relatively small proportion of pancreatic cancer might be avoided if pancreatitis could be prevented.
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introduction
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disease [2]. Other risk factors include long-standing history of
diabetes, history of overweight and obesity, non-O blood
group, Helicobacter pylori infection, and possibly heavy alcohol
consumption [3-6]. Chronic pancreatitis is a relatively rare
inflammatory condition of the pancreas and is also a known
risk factor for pancreatic cancer; however, a significant
proportion of pancreatitis is thought to be a consequence of
pancreatic tumor-related ductal obstruction [7-10]. Thus,
estimates of the relative risk (RR) of developing pancreatic
cancer among patients with pancreatitis tend to drop off as the
time interval between the diagnoses of pancreatitis and
pancreatic cancer increases [9]. The time interval between
when the RR begins to drop and when it levels off is not
known with certainty. Furthermore, very little is known
regarding the possible modifying effect of demographic factors
(such as age, sex, and geographic region) and risk factors for
pancreatic cancer (such as smoking, alcohol intake, body
weight, and history of diabetes) on the relation between
pancreatitis and pancreatic cancer.

We carried out an individual-level pooled analysis of
pancreatitis and risk of pancreatic cancer in 5048 cases and 10
947 controls from 10 case-control studies that are part of the
Pancreatic Cancer Case-Control Consortium (PanC4, http
:/lwww.panc4.org) [11-19]. We estimated pooled odds ratios
(ORs), population attributable fraction (AFp) and 95%
confidence intervals (Cls) for having a history of pancreatitis,
as well as the time interval (years) between diagnosis of
pancreatitis and pancreatic cancer, and OR estimates stratified
on the basis of demographics and risk factors for pancreatic
cancer, including age, sex, ethnicity, study region, education,
body mass index (BMI, kg/m?), tobacco smoking, alcohol
intake, and history of diabetes.

methods

We identified 10 case-control studies of pancreatic adenocarcinoma within
the PanC4 consortium that collected data on history of pancreatitis [11-
19]. The total number of participants available for these analyses was 5048
pancreatic cancer cases and 10 947 controls. A proxy respondent was
interviewed for 155 cases and 150 controls from the Shanghai study, 63
cases from the Toronto study, and 474 cases and 332 controls from the
SEARCH study (for a total of 692 or 13.7% of cases and 472 or 4.3% of
controls). All the individual studies included in this pooled analysis had
previously obtained ethical approvals. The original datasets were
restructured either by the original study investigators or by the PanC4
central coordinators, using a uniform format for data harmonization.
Individual data on sociodemographic characteristics, anthropometric
measures, smoking and alcohol consumption, history of diabetes, and first-
degree family history of pancreatic cancer (in the Toronto study, family
history positive if present in any relative) were collected.

Pancreatitis variables were based upon the self-reported questionnaire
information from each of the studies and referred to diagnoses of
pancreatitis before the date of diagnosis of pancreatic cancer or interview.
For participants who reported any pancreatitis, we estimated the time
interval between the first diagnosis of pancreatitis and the diagnosis of
pancreatic cancer for cases (or interview date for controls) as the difference
in years between the age at the first diagnosis of pancreatitis and age at
diagnosis of pancreatic cancer (or age at interview in controls). The type of
pancreatitis was not determined in the majority of the studies in this
analysis, and thus, we were unable to assess the effects of acute-versus-
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chronic pancreatitis or risk of specific types of chronic pancreatitis. Further,
we did not have adequate information on the number and the duration of
episodes of pancreatitis for meaningful analyses in the pooled dataset.

statistical analysis

We conducted an aggregate analysis with individual-level data from all the
participating PanC4 studies pooled into a single dataset [20, 21]. The
association between a history of pancreatitis and risk of pancreatic cancer
was assessed by estimating the ORs and the corresponding 95% CI through
unconditional multiple logistic regression models [11] adjusted for study
center, age (<50, 50-54, 55-59, 60-64, 65-69, 70-74, >75 years), sex,
education (<8th grade, 9th-11th grade, 12th grade or high school
graduates, some college or college graduates, >1 year of graduate or
professional school), race/ethnicity (non-Hispanic White, Hispanic, non-
Hispanic Black, others), BMI (<20, 20 to <25, 25 to <30, >30 kg/mz),
tobacco smoking (never smokers, smokers of products other than
cigarettes, current cigarette smokers of 1 to <20 cigarettes per day, current
cigarette smokers of >20 cigarettes per day, ex-cigarette smokers with >10
years since quitting, ex-cigarette smokers with 1 to <10 years since
quitting), alcohol intake (never drinkers or drinkers of <1 drink per day, 1-
4 drinks per day, or >4 drinks per day), and history of diabetes. The
MSKCC study did not have information on alcohol intake; so, for analyses
of pancreatitis and pancreatic cancer including adjustment for alcohol,
intakes were set to zero drinks per day for all the participants from that
study. To evaluate the influence of individual study centers on the final
results, we carried out influence analyses by eliminating each center from
the pooled dataset and re-estimating the pooled OR for pancreatitis
(diagnosed >2 years before) and pancreatic cancer. Study-specific ORs and
the pooled OR with 95% Cls were plotted for visual comparison. Tests for
linear trend of the ORs were based on ordinal coding of the categories and
the corresponding ¥ statistic [11]. To investigate whether the effect of a
history of pancreatitis was homogeneous across the strata of selected
covariates, we estimated ORs for pancreatitis and pancreatic cancer
stratified on the basis of sex, age (<65, >65 years), race/ethnicity (non-
Hispanic white, other), education (high school graduate or less, some
college or more), BMI (<25, >25 kg/mz), tobacco smoking (never, former,
current <20 cig/day, current >20 cig/day), alcohol intake (0 to <1 drink/
day, 1 to <4 drinks/day, >4 drinks/day), history of diabetes, and study area
(North America, other). The categories with similar ORs were collapsed to
ensure adequate power in stratified analyses. Heterogeneity across the strata
was based on a likelihood ratio test and the resulting ¥ statistic [11].
Population attributable fractions for the association between pancreatitis
and pancreatic cancer were estimated using adjusted ORs with standard
errors, and represent the proportion of all pancreatic cancer cases in PanC4
that might have been avoided had pancreatitis been prevented [22].

results

Of the 10 case—control studies that were included in this
pooled analysis, six studies were from the United States, one
each from Canada, Europe, and China, and one multicenter
study included participants from Canada, Europe, and
Australia (supplementary Table S1, available at Annals of
Oncology online). The earliest study period was 1983-1989
[13], while the most recent was 2005-2009 [17]. The median
age of pancreatic cancer cases across the studies ranged from
60 to 68 (supplementary Table S1, available at Annals of
Oncology online). Most of the studies used regional cancer
registries for the case identification of pancreatic cancer, while
three studies used hospital registries exclusively
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(supplementary Table S1, available at Annals of Oncology
online). For control identification, three studies used

Table 1. Distribution of 5048 cases of pancreatic cancer and 10 947
controls according to sex, age, smoking, and other covariates, International
Pancreatic Cancer Case-Control Consortium (PanC4)

Characteristics Cases Controls
N % N %
Sex
Men 2853 56.5 6388 58.3
Women 2195 43.5 4559 41.6
Age (year)
<50 507 10.0 1637 14.9
50-54 500 9.9 1234 11.3
55-59 726 14.4 1586 14.5
60-64 869 17.2 1710 15.6
65-69 900 17.8 1824 16.7
70-75 817 16.2 1667 15.2
>75 729 144 1289 11.8
Race/ethnicity
Non-Hispanic White 3981 78.9 7568 69.1
Non-Hispanic Black 346 6.8 1118 10.2
Hispanic 106 2.1 208 1.9
Others 610 12.1 1743 15.9
Missing 5 0.1 310 2.8
Education
8th grade or less 1055 20.9 3065 28.0
9th-11th grade 722 14.3 1530 14.0
12th grade or high school graduate 968 19.2 1818 16.6
Some college or college graduate 1471 29.1 2936 26.8
>1 year of graduate school 794 15.7 1523 13.9
Missing 38 0.7 75 0.7
Body mass index (kg/m?)
<20 422 8.4 1055 9.6
20 to <25 1950 36.6 4996 45.6
25 to <30 1787 35.4 3637 33.2
>30 836 16.6 1149 10.5
Missing 53 1.0 110 1.0
Tobacco smoking
Never 1813 35.9 4559 41.6
Smokers other than cigarettes 130 2.6 312 2.8
Current (cigarettes/day)
<20 888 17.6 1976 18.0
>20 433 8.6 556 Bl
Former (years since quitting)
>10 1122 222 2358 21.5
<10 590 11.7 1077 9.8
Missing 72 14 109 1.0
Alcohol intake (drinks/day)®
0to <1 2778 55.0 6277 57.3
1to <4 1172 232 2996 27.4
>4 575 11.4 1317 12.0
Missing 523 10.4 357 3.2
History of diabetes
No 4042 80.1 9965 91.0
Yes 1002 19.8 976 8.9
Missing 4 0.1 6 0.1

*No information on alcohol intake was available from the MSKCC study.
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population registries, three used hospital visitors or non-cancer
patients, two used random digit dial methods, and two used a
combination of random digit dial and sampling of lists from
the Centers for Medicare and Medicaid Services
(supplementary Table S1 available at Annals of Oncology
online). A total of 5048 cases with adenocarcinoma of the
exocrine pancreas (the majority of which were based upon
clinical diagnosis; information on histology was available for
1442 or 28.6% of these cases) and 10 947 controls were
included in these analyses. The numbers of cases and controls
may differ slightly from those found in the published reports of
the same studies because of missing data on the relevant
variables used in these analyses and of possible continuing
recruitment in ongoing studies.

The pancreatic cancer cases and controls were generally
well-balanced with regard to sex, age, and alcohol intake, with
slight differences by race/ethnicity and education (Table 1). As
expected, pancreatic cancer cases were generally more likely
than controls to have smoked, to have had higher BMI, and to
have had a history of diabetes (Table 1).

Having had a history of pancreatitis was associated with a
nearly six-fold risk of pancreatic cancer (OR: 5.57, 95% CI:
4.39-7.07) (Table 2). The AFp for pancreatitis was estimated to
be 5.15% (95% CI: 4.12-6.16%) (data not in table). When
accounting for the time interval between the diagnosis of
pancreatitis and pancreatic cancer, ORs ranged from 21 (for an
interval <1 year) to 3.4 (for an interval >25 years) (Table 2).
The association between pancreatitis and pancreatic cancer
leveled off to a nearly three-fold increase for intervals between
diagnoses of >2 years (see Table 2, for intervals >2 years, OR:
2.71, 95% CI: 1.96-3.74) (OR not in table). The AFp for

Table 2. Distribution of 5048 cases of pancreatic cancer and 10 947
controls, pooled odds ratios (ORs) and 95% confidence intervals (Cls) for
history of pancreatitis and risk of pancreatic cancer, International
Pancreatic Cancer Case-Control Consortium (PanC4)

Cases Controls OR? (95% CI)
N % N %
History of pancreatitis
No 4674 926 10703 978 1°
Yes 313 6.2 112 1.0 5.57 (4.39-7.07)
Missing 61 1.2 132 1.2
Years between diagnosis of pancreatitis and diagnosis of pancreatic cancer/
interview*
<1 156 49.8 14 125 21.35(12.03-37.86)
>1to2 27 8.6 11 9.8 4.08 (1.90-8.78)
>2to5 31 9.9 19 17.0 2.82 (1.47-5.39)
>5to 10 30 9.6 17 152 3.33 (1.74-6.37)
>10 to 25 25 8.0 28 25.0 1.90 (1.06-3.39)
>25 20 6.4 15 134 3.45 (1.67-7.13)
Missing 24 77 8 7.1

P value for trend® <0.0001

*Pooled ORs were estimated using logistic regression models adjusting
for study, age, sex, race/ethnicity, education, body mass index, tobacco
smoking, alcohol intake and history of diabetes.

PReference category.

“Among participants with pancreatitis.
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pancreatitis diagnosed >2 years before pancreatic cancer was
1.34% (95% CI: 0.612-2.07%) (data not in table). Of the 313
pancreatic cancer cases who reported a history of pancreatitis,
49.8% reported that they had pancreatitis within 1 year of the
diagnosis of their cancer, while a further 8.6% reported that
they had pancreatitis within 2 years of the diagnosis of cancer,
for a total of 58.4% (Table 2). In contrast, among the controls
who reported a history of pancreatitis, 22.3% reported that they
had pancreatitis within 2 years of the date of the interview
(Table 2). Subtraction of 22.3% from 58.4% results in 36.1%,
which can be considered an estimate of the minimum
proportion of pancreatitis that might be a consequence of
pancreatic cancer (or the result of an antecedent misdiagnosis)
in this group of PanC4 case participants.

The results of the influence analyses (omitting each study
and then re-estimating the OR for pancreatitis diagnosed >2
years before and pancreatic cancer) yielded ORs ranging from
2.53 (omitting the Milan study) to 2.82 (omitting the Yale
study). Omission of the MSKCC study which did not have
covariate data on alcohol intake resulted in a pooled OR
estimate of 2.62 (95% CI: 1.88-3.66). Figure 1 gives a forest
plot of the results of the individual PanC4 studies and the
overall pooled estimate for pancreatitis (diagnosed >2 years
before) and pancreatic cancer.

We investigated modification of the association between a
history of pancreatitis (diagnosed either <2 years or >2 years
before cancer diagnosis) and risk of pancreatic cancer by
covariates such as sex, age, race/ethnicity, education, BMI,
smoking, alcohol intake, history of diabetes, and study area
(Table 3). Of all variables evaluated, only age at the diagnosis

Study OR 95%CI :
Lsu 041 0.02-6385 =
MD Anderson 461 1.29-16.54 —Hil—
Milan 406 1581040 ——
MSKCC 588 1.24-2794 ——a—
NCI 1M 0.64-4.62 ——
Shanghai 342 111-1054 —.—
SEARCH 263 117-594 -
Toronto 187 045.772 — -
UCSE 220 102514
Yale 210 082498
Pooled 27 196-374 <b

T T T T ‘I T T

01 051 2 4 10
Odds Ratio

Figure 1. Forest plot of individual PanC4 studies—odds ratios (ORs) and
95% confidence intervals (Cls) for pancreatitis (diagnosed >2 years before)
and risk of pancreatic cancer. Study-specific ORs adjusted for age, sex, race/
ethnicity, education, body mass index, tobacco smoking, alcohol intake and
history of diabetes. Squares indicate study-specific OR; size of the square
denotes weight given to this study (inverse of the variance of the log OR).
Horizontal lines indicate study-specific CI; diamond indicates summary
pooled OR, adjusted for age, sex, study, race/ethnicity, education, body
mass index, tobacco smoking, alcohol intake and history of diabetes. Solid
vertical line denotes OR of 1. Dashed vertical line denotes summary OR.
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of pancreatic cancer was identified as a potential effect
modifier of the association between pancreatitis (diagnosed >2
years before cancer) and risk of pancreatic cancer (the
association between pancreatitis and pancreatic cancer was
stronger in younger cancer patients; P value for interaction:
0.006) (Table 3).

discussion

In this pooled data analysis involving 10 case—control studies
and 5048 pancreatic cancer cases and 10 947 controls, we
observed a nearly three-fold increased risk between history of
pancreatitis (first diagnosed >2 years before cancer diagnosis)
and diagnosis of pancreatic cancer. The strength of this
association was consistent for intervals between diagnoses of
pancreatitis and pancreatic cancer of greater than 2 years,
including intervals of >25 years. This implies a role for chronic
inflammation in the development of some pancreatic cancers
[23]. The proportion of pancreatic cancer cases with a positive
history of pancreatitis who reported pancreatitis within the 2
years of the diagnosis of their cancer was 58% (the
corresponding proportion in controls before interview was
22%). Thus, a substantial proportion (at least 36%) of
pancreatitis diagnosed among the patients with pancreatic
cancer in PanC4 may have been a result of the tumor itself
(e.g. tumor-associated ductal obstruction), or may have been
the result of initial misdiagnosis or misreporting of some
pancreatic cancer cases as pancreatitis [10]. Our final pooled
analysis results were not greatly influenced by any one study
that took part.

Pancreatitis has been investigated as a risk factor for
pancreatic cancer in at least 25 studies (reviewed in REF. 9);
however, only eight of these considered the time interval
between diagnoses of pancreatitis and pancreatic cancer, and of
these, only four were able to adjust for potential confounders
such as cigarette smoking and alcohol intake [9]. Despite this,
all of these studies suggested an increased risk of pancreatic
cancer even for pancreatitis diagnosed many years before the
diagnosis of pancreatic cancer.

In PanC4, the AFp for pancreatitis diagnosed >2 years
before pancreatic cancer was estimated at 1.34% (95% CI:
0.61-2.07%). This suggests that 0.6-2% of all pancreatic cancer
cases might be avoided if previous pancreatitis (diagnosed >2
years before) was eliminated or prevented. Our pooled OR
estimate (of 2.71) for pancreatitis diagnosed >2 years before
the diagnosis of cancer is lower than the RR of 5.8 estimated
by Raimondi et al. in their recent meta-analysis of the
association between pancreatitis (diagnosed >2 years before)
and pancreatic cancer [8]. In their analysis the association was
even stronger for hereditary pancreatitis (pooled RR: 69), but
this estimate was based only on three studies [8].

When we investigated potential effect modification of the
association between pancreatitis and pancreatic cancer, we
found that younger patients with pancreatic cancer (<65 years)
with a history of pancreatitis showed a substantially stronger
association. This could imply that the type of pancreatitis more
strongly associated with risk of pancreatic cancer is relatively
more common in younger patients, and that there may be
shared genetic influences. Indeed, hereditary pancreatitis has
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Table 3. Pooled odds ratios® (ORs) and 95% confidence intervals (CIs) for the history of pancreatitis and risk of pancreatic cancer, by covariates,
International Pancreatic Cancer Case-Control Consortium (PanC4)

Overall 4674:10703 183:25
Sex
Men 2651:6215 102:15
‘Women 2023 :4488 81:10
P value for interaction
Age (years)
<65 2369:6028 119:16
>65 2305:4675 64:9
P value for interaction
Race/ethnicity
Non-Hispanic White 3681 :7410 151:19
Other 990:2991 31:6
P value for interaction
Education
High school graduate or less 2576 :6257 65:14
College graduate or more 2062 :4377 118:11
P value for interaction
Body mass index (kg/m?)
<25 2209 :5935 75:11
>25 2418:4663 107:14
P value for interaction
Tobacco smoking
Never 1695 : 4470 61:9
Former 1207 : 2464 57:9
Current
<20 cigarettes/day 1038:2304 39:4
>20 cigarettes/day 574:1054 20:3
P value for interaction
Alcohol intake (drinks/day)”
0 to <1 2562:6153 114:16
1to <4 1109:2920 30:6
>4 521:1276 24:3
P value for interaction
History of diabetes
No 3767 :9756 142:19
Yes 906 : 942 41:6
P value for interaction
Study area
North America 3536 : 6709 158:16
Other 1138:3994 25:9

P value for interaction

13.56 (8.72-21.90) 106: 79 2.71 (1.96-3.74)
11.73 (6.56-20.99) 59:46 2.34 (1.50-3.63)
17.32 (8.68-34.54) 47:33 3.12 (1.94-5.03)
(0.59) (0.44)

15.45 (8.89-26.85) 69:40 3.91 (2.53-6.04)
10.24 (4.96-21.14) 37:39 1.68 (1.02-2.76)
(0.30) (0.006)

13.41 (8.15-22.04) 83:59 2.48 (1.72-3.58)
11.83 (4.65-30.05) 22:17 3.28 (1.62-6.66)
(0.96) (0.40)

10.29 (5.52-19.18) 52:50 2.21 (1.44-3.39)
18.09 (9.49-34.46) 54:29 3.48 (2.09-5.79)
0.27) (0.20)

13.48 (6.91-26.26) 49:37 3.12 (1.96-4.96)
13.50 (7.46-24.46) 55:41 2.36 (1.49-3.72)
(0.89) (0.84)

17.72 (8.51-36.91) 29:33 2.18 (1.26-3.79)
7.16 (3.38-15.18) 31:20 2.59 (1.37-4.89)
21.15 (6.73-66.49) 28:15 3.97 (1.98-7.96)
12.41 (3.51-43.85) 12:9 1.94 (0.73-5.16)
(0.56) (0.61)

14.11 (8.11-26.55) 54:43 2.73 (1.75-4.25)
10.10 (4.19-27.30) 21:17 3.18 (1.57-6.45)
12.62 (3.57-44.54) 16:17 1.78 (0.81-3.91)
(0.80) (0.74)

15.74 (9.57-25.89) 69: 60 2.75 (1.89-4.01)
6.69 (2.57-17.37) 37:19 2.42 (1.27-4.60)
(0.17) (0.87)

15.88 (9.25-27.27) 82:54 2.53 (1.72-3.72)
9.68 (4.37-21.45) 24:25 3.05 (1.69-5.52)
(0.20) (0.59)

*Pooled ORs were computed using logistic regression models adjusted for study, age, sex, race/ethnicity, education, body mass index, tobacco smoking,

alcohol intake and history of diabetes.
No information on alcohol intake was available in the MSKCC study.

been shown to be associated with mutations in the cationic
trypsinogen gene (PRSSI) and the serine protease inhibitor,
Kazal type 1 gene (SPINK1) [24]. In some patients, these
mutations may increase risk of pancreatitis diagnosis at younger
ages, and in some of these patients, younger ages at diagnosis of
pancreatic cancer [8, 24, 25]. Further, patients with hereditary
pancreatitis may be at higher risk of pancreatic cancer than
patients with other forms of pancreatitis [8, 24, 26-28].
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In these pooled data analyses, the following were the
drawbacks: the histories of pancreatitis were based upon self-
report and we were unable to differentiate between acute and
chronic pancreatitis or the various forms of chronic
pancreatitis (alcoholic, hereditary, autoimmune, and
idiopathic). However, the etiology of most (>70%) chronic
pancreatitis in Western countries is thought to be related to
chronic, excess alcohol intake with contributions from tobacco
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smoking and genetic factors [29]. Further, in some patients
alcohol and smoking may be risk factors for progression from
acute to chronic pancreatitis [30]. In addition, recurrent acute
pancreatitis and chronic pancreatitis can be difficult to
distinguish clinically, and the diagnostic criteria for chronic
pancreatitis vary from center to center, creating a challenge for
pooled analyses such as ours [8]. As a result, in our analysis we
considered a history of any pancreatitis. It is also possible that
most forms of pancreatitis, via inflammatory mechanisms, may
contribute to an elevated risk of developing pancreatic cancer
[8, 23]. Another drawback of our analyses is that we could not
evaluate the timing, frequency, and duration of pancreatitis.
The merits of our analysis include large sample sizes afforded
due to consortial collaboration and individual-level data
pooling and harmonization that allowed statistical adjustment
for smoking, alcohol intake, BMI, history of diabetes, and
other potential confounding or effect-modifying covariates. In
conclusion, in this pooled data analysis of 5 048 pancreatic
adenocarcinoma cases and 10 947 controls, we showed a nearly
three-fold association between previous pancreatitis and
pancreatic cancer, even for pancreatitis first diagnosed >25
years before the diagnosis of pancreatic cancer.
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Primary metastatic Ewing’s family tumors: results of
the Italian Sarcoma Group and Scandinavian Sarcoma
Group ISG/SSG IV Study including myeloablative
chemotherapy and total-lung irradiation
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Background: The Italian Sarcoma Group and the Scandinavian Sarcoma Group designed a joint study to improve the
prognosis for patients with Ewing’s family tumors and synchronous metastatic disease limited to the lungs, or the
pleura, or a single bone.

Patients and methods: The study was opened in 1999 and closed to the enrollment in 2008. The program
consisted of intensive five-drug combination chemotherapy, surgery and/or radiotherapy as local treatment, and
consolidation treatment with high-dose busulfan/melphalan plus autologous stem cell rescue and total-lung irradiation.
Results: During the study period, 102 consecutive patients were enrolled. The median follow-up was 62 months
(range 24—-124). The 5-year event-free survival probability was 0.43 [standard deviation (SD) = 0.05] and the 5-year
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