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ABSTRACT
Background Cancer registry data suggest that conditional survival prognosis in patients with aggressive malignancies improves over time. 
We investigated conditional survival in patients with advanced pancreatic cancer. Patients and Methods In this retrospective study, we 
included all patients with advanced pancreatic cancer treated at four Swiss hospitals between 1994 and 2004. Main outcome was 6-month 
conditional survival, defined as the probability of surviving an additional 6 months conditional on being alive at a certain time point. 
Further analyses included 6-month conditional survival stratified by CA 19-9 levels and Eastern Cooperative Oncology Group Performance 
Status. 6-month conditional survival results were compared to an open-access online calculator. We used the Kaplan-Meier method and a 
landmark analysis to calculate 6-month conditional survival. Results We included 483 patients; most with stage IV (81%). After a median 
follow-up of 9.1 months, 448 patients had died. At diagnosis, 6-month survival probability was 67% (95% CI, 63%-71%). For those patients 
still alive at 6, 12, 18, and 24 months after diagnosis respective 6-month conditional survival was 56% (95% CI; 50%-62%), 58% (95% CI, 
51%-66%), 52% (95% CI, 43%-63%), and 71% (95% CI, 58%-85%). High CA 19-9 levels and low Eastern Cooperative Oncology Group 
Performance Status at diagnosis were significantly associated with inferior survival, but did not affect 6-month conditional survival over 
time. Conclusion In contrast to previous reports and to a registry based calculator, 6-month conditional survival remains stable and above 
50% for the first 2 years after diagnosis. Our results provide important information for counselling patients with advanced pancreatic 
cancer during treatment and follow-up.
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INTRODUCTION
Advanced pancreatic adenocarcinoma is the fifth 

leading cause of cancer-related deaths and carries a 
devastating prognosis with 5-year survival rates of 6% 
[1, 2]. Incidence increases with age and most cases are 
diagnosed above the age of 50 at an unresectable stage 
[3]. Obesity, red meat consumption, and smoking are 
risk factors for the development of pancreatic cancer 
[4, 5]. Gemcitabine based therapies [6-8] are treatment 
options in the palliative setting; younger patients with a 
good performance status can benefit from more intense 
treatment [9].

Survival prognosis is usually estimated from a certain 
time point e.g. from diagnosis or from start of treatment 
until death. Such predictions are helpful for making 
informed treatment decisions, and also end-of life 
planning in advanced situations. However, these estimated 
prognoses might lose their validity once a patient has 
survived for a longer period than predicted. For example, 
if a patient’s 2 year-survival prognosis under a certain 
therapy was estimated to be 50% at the time of diagnosis, 
but she/he is still alive after 3 years, how should we counsel 
her/him regarding further prognosis? Conditional survival 
(CS) can provide guidance for such situations; it is defined 
as the probability of surviving an additional period of time 
given the patient has already survived a certain period of 
time. Therefore it provides a powerful tool to dynamically 
adjust prognosis during the course of disease. Conditional 
survival has been investigated in other malignancies such 
as breast cancer [10], colon cancer [11], gastric cancer 
[12], renal cell carcinoma [13] and also pancreatic cancer 
[14-17]. However, especially for pancreatic cancer, CS was 
either calculated based only on patients with resectable 
disease [15-17], or if patients with unresectable disease 
were included, data were obtained from registries [14]. 
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[22, 23]; frequencies of missing values are presented with 
the patient characteristics. We used STATA (Texas, USA) 
to impute missing values; based on the imputed dataset 
we used the statistical program R version 2.15.3 (www.r-
project.org) for all analyses and creating the graphs. 

RESULTS
Patient Characteristics

All 483 patients with advanced pancreatic cancer 
treated between 1994 and 2004 at 4 Swiss Oncology 
Centres were included in our analyses; characteristics are 
summarized in Table 1. The majority was diagnosed with 
stage IV disease; 14 patients (4%) were treated with best 
supportive care only. Most patients underwent first-line 
treatment with gemcitabine single agent (N = 286; 59%) 
or in combination with capecitabine (N = 65; 14%), or 
cisplatin (N = 22; 5%) (Table 1).

Overall Survival

Figure 1a illustrates the OS probability calculated 
from baseline. After a median follow-up of 8.5 months 
(interquartile range 2 – 15 months), 448 patients (93%) 
had died. Six and 12-month survival probabilities of the 
whole cohort were 67% (95% CI 63%-71%) and 37% (95% 
CI 33%-42%), respectively. As expected [20, 21], patients 
with a high CA 19-9 level or low clinical performance 
status at diagnosis had a significantly worse OS prognosis 
(Figure 1b and 1c).

Conditional Survival

Figure 2a illustrates the 6-month CS at the respective 
landmark points over time. At time of diagnosis (baseline), 
6-month survival was 67% (95% CI, 63%-71%). For those 
patients being alive 6 months after diagnosis, 6-month CS 
was 56% (95% CI; 50%-62%). For those patients still being 
alive at 12, 18, and 24 months the respective 6-month CS 
was 58% (95% CI, 51%-66%), 52% (95% CI, 43%-63%), 
and 71% (95% CI, 58%-85%). The number of patients 
to calculate the 6-month CS continuously decreases over 
time, therefore the width of the 95% CIs steadily grows, 
which illustrates the growing uncertainty of the estimated 
6-month CS over time. 6-month CS among patients with 
good performance status at diagnosis (ECOG PS<2, N=378) 
was similar to that of the overall population; patients with 
worse performance status (ECOG PS ≥2, N=105) revealed 
some improvement over time regarding their 6-month 
CS (Figure 2b). However, especially for the latter group, 
the uncertainty of 6-month CS estimates are much larger 
compared to patients with a better performance status, 
which is explained by the smaller number of patients with 
ECOG PS ≥2 at baseline (105/483, 22%). CA 19-9 levels 
(dichotomized by the median) were of prognostic value at 
diagnosis and the 6-month landmark, but over time, there 
was no difference between the groups as illustrated by the 
widely overlapping 95% CIs (Figure 2c). 

Comparison to an Online Calculator

Table 2 summarizes 6-month CS provided by a 
registry-based online calculator compared to our data 

To our best knowledge, CS has not been investigated 
in advanced pancreatic cancer based on clinical data 
including important baseline characteristics such as CA 
19-9 and clinical performance status. We sought to close 
this knowledge gap based on patients from a national 
multicentre cohort. 

PATIENTS AND METHODS
Eligibility Criteria and Study Design

All patients with stage III/IV pancreatic adenocarcinoma 
irrespective of age, clinical performance status or therapy 
modality, who were diagnosed and treated at four Swiss 
medical centres were included. Patients with stage III 
disease undergoing curative surgery were excluded. 
Routine clinical data were retrospectively collected using a 
pre-specified case report form that recorded anonymized 
data on patient and tumour characteristics at baseline, 
treatment, and follow-up. All identified eligible patients 
from the centres were included. Data were checked for 
consistency and queries re-checked with the corresponding 
centre before entering the data in our central database. 
The local ethics committees approved this study.

Statistical Considerations

The main outcome was 6-month CS, which was defined 
as the probability to survive another 6 months given 
that the patient has already survived a certain time after 
diagnosis – in other words, the probability of surviving at 
least 6 more months is a function of the number of months 
a patient has already survived since diagnosis. We analysed 
CS using a landmark analysis approach as previously 
reported [18, 19]; survival times were calculated from the 
landmark time points until death or censoring. In example, 
to calculate 6-month CS at the 6-month landmark, we set 
the time zero at 6 months after diagnosis and excluded 
all patients who i) had died before reaching the 6-month 
landmark and ii) who had been followed-up less than 
6 months from diagnosis. We built four patient subsets 
according to landmark times at 0 (baseline, all patients), 
6, 12, 18, and 24 months after diagnosis. For each set we 
separately calculated 6-month CS using the Kaplan-Meier 
method. The landmark time points were chosen arbitrarily, 
however, 6 months intervals represent a reasonable choice 
for counselling patients with unresectable pancreatic 
cancer. CA 19-9 and performance status have previously 
been identified as important independent prognostic 
baseline factors [20, 21]. In these two independent cohorts, 
the median CA 19-9 value showed strong and independent 
prognostic impact. Based on this evidence, we explored 
whether CA 19-9 (above median versus below median) and 
Eastern Cooperative Oncology Group performance status 
(ECOG PS) (<2 vs. ≥2) at diagnosis were of prognostic 
value in the 4 patient subsets at each landmark time 
point. Unadjusted survival rates (Kaplan-Meier estimator) 
were compared using the log-rank test; we calculated 
95% confidence intervals (CI) and a p value of <0.05 
(two-sided) was considered significant. For all analyses, 
missing data were imputed using multiple imputations 
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the first 18 months. CA 19-9 serum levels and ECOG PS 
evaluated at diagnosis lose their prognostic relevance over 
time.

Strengths and Limitations

Our investigations are based on a large set of clinical 
data of patients with advanced pancreatic cancer. The 
availability of baseline prognostic factors such as ECOG PS 
and CA 19-9 serum levels allowed for assessing whether 
these markers keep their prognostic relevance during 
follow-up. These factors have not been included in previous 
CS analyses of patients with advanced pancreatic cancer. 
Because of the retrospective setting, however, some values 
of baseline prognostic factors including CA 19-9 serum 
levels and ECOG PS were missing. To circumvent any loss 
of power or risk of bias, and to use all available information 
in our dataset, we applied multiple imputations to impute 
missing values. This approach has been proposed as a 
remedy for such situations and its incorporation into 
routine practice has been recommended to avoid biased 

[14]. The developers of this calculator used registry data 
and calculated cancer-specific mortality; patients dying 
from other causes were censored [14]. Although we have 
specified baseline characteristics representative for our 
cohort for the online calculation, the provided CS clearly 
differed from our calculations. In example, the estimated 
CS at the landmark of 6 months is 38% based on the online 
calculator, whereas our calculations provide an estimate 
of 56%. At the 12-month landmark, the online calculator 
provides an estimate of 44%, which is still lower compared 
to 58% from our calculations (Table 2). 

DISCUSSION
Summary of Findings

Six-month CS for patients with advanced pancreatic 
cancer remains stable and above 50% during the first two 
years after diagnosis. It may improve only for those very 
few patients who have survived 24 months after diagnosis. 
Our results are in contrast to a registry-based online 
calculator; particularly regarding CS estimates during 

Table 1. Baseline characteristics of 483 patients at time of diagnosis and stratified by landmark points at 6, 12, 18, and 24 months, respectively. Values are 
numbers of patients (percentages) unless otherwise specified.

Characteristics At diagnosis (N=483) Alive 6 months after 
diagnosis (N=317)

Alive 12 months after 
diagnosis (N=171)

Alive 18 months after 
diagnosis (N=98)

Alive over 24 months 
after diagnosis (N=48)

Age in years
   Median (IQR) 66 (58 - 73) 66 (58 - 74) 67 (58 - 74) 66 (58 - 74) 68 (58 - 75)
   Missing values 2 (0.4) 1 (0.3) 1 (0.6) - -
Sex
   Female 208 (43.1) 138 (43.5) 82 (48.0) 48 (49.0) 29 (60.4)
ECOG at diagnosis
   <2 357 (73.9) 249 (78.5) 134 (78.4) 74 (75.5) 36 (75.0)
   >=2 105 (21.7) 56 (17.7) 30 (17.5) 18 (18.4) 9 (18.8)
Missing values 21 (4.3) 12 (3.8) 7 (4.1) 6 (6.1) 3 (6.2)
CA 19-9 U/ml
   Median (IQR) 609 (84 - 4115) 532 (91 - 2837) 359 (68 - 1808) 280 (51 - 1300) 450 (48 - 1328)
   Missing values 63 (13.0) 40 (12.6) 27 (15.8) 20 (20.4) 13 (27.1)
BMI at diagnosis 
   Median (IQR) 23 (21 - 25) 23 (21 - 25) 23 (20 - 25) 22 (20 - 24) 23 (21 - 24)
   Missing values 141 (29.2) 90 (28.4) 54 (31.6) 36 (36.7) 20 (41.7)
Tumour Grading
   G1 11 (2.3) 10 (3.2) 4 (2.3) 2 (2.0) 0 (0.0)
   G2 182 (37.7) 127 (40.1) 73 (42.7) 45 (45.9) 21 (43.8)
   G3 176 (36.4) 119 (37.5) 66 (38.6) 34 (34.7) 17 (35.4)
   Missing values 114 (23.6) 61 (19.2) 28 (16.4) 17 (17.3) 10 (20.8)
Stage at diagnosis
   III 91 (18.8) 58 (18.3) 31 (18.1) 18 (18.4) 8 (16.7)
   IV 392 (81.2) 259 (81.7) 140 (81.9) 80 (81.6) 40 (83.3)
Applied 1st line chemotherapy+

   Gem 286 (64.7) 192 (60.6) 91 (53.2) 48 (49.0) 22 (45.8)
   Gem + Cap 65 (14.7) 42 (13.2) 28 (16.4) 15 (15.3) 6 (12.5)
   Gem + Cis 22 (5.0) 20 (6.3) 18 (10.5) 12 (12.2) 8 (16.7)
   5 FU + radiotherapy 18 (4.1) 16 (5.0) 10 (5.8) 7 (7.1) 3 (6.2)
Further therapies
   2nd line therapy 186 (38.5) 169 (53.3) 111 (65.0) 66 (67.3) 31 (64.6)
   3rd line therapy 51 (10.6) 50 (15.8) 42 (24.6) 27 (27.6) 16 (33.3)
   4th line therapy 13 (2.7) 13 (4.1) 12 (7.0) 9 (9.2) 9 (18.8)
   5th line therapy 3 (0.6) 3 (0.9) 3 (1.8) 2 (2.1) 2 (4.2)
+ Four most frequent chemotherapies applied.
BMI body mass index; Cap Capecitabine; Cis cisplatin; ECOG Eastern Cooperative Oncology Group; 5-FU 5-floururacil, Gem, Gemcitabine; IQR inter quartile 
range
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estimates [22, 24, 25]. Another limitation is that we were 
not able to investigate whether patients who received 
further lines of treatment had better CS, because time 
points of initiation of later line therapies were not available. 
Also, inherent to the natural course of this deadly disease, 
patients have died quickly; therefore, although the overall 
number of patients (N=483) was large, the uncertainty of 
our CS estimates at later landmarks grew steadily, because 
of the decreasing number of patients available to calculate 

CS. All these limitations need to be considered when 
applying our results in patient consultations.

Compared to Other Studies

Katz et al developed a registry-based online tool to 
calculate CS for all stages of pancreatic cancer. Data used 
for the development of this calculator were taken from 
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Figure 1. (a.). Overall survival of the whole cohort. (b.). Overall survival 
grouped by the Eastern Cooperative Oncology Group score (ECOG). (c.). 
Overall survival grouped by CA 19-9 baseline level.
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Figure 2. The figure illustrates the 6-months conditional survival at the 
landmarks 6, 12, 18, and 24 months after diagnosis. Patients being alive at 
the respective landmark time points were included for calculation of the 
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95% confidence interval limits around the 6-months conditional survival 
estimate. (a.). Whole cohort. (b.). Stratified by the Eastern Cooperative 
Oncology Group score (ECOG). (c.). Stratified by CA 19-9 level at diagnosis. 
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the SEER database including 37’135 registered patients 
being diagnosed with pancreatic adenocarcinoma 
between 1988 and 2005 [14]. The strength of this study 
is the large number of patients, which allows for precise 
estimates. However, important clinical risk factors such 
as clinical performance status and CA 19-9 serum levels 
were not available, because such data are not collected 
in the SEER registry. Overall, the median survival in the 
patient group with unresectable pancreatic cancer (stage 
III and IV, N=24’520) was much lower compared to our 
cohort (below 6 months versus 9.1 months, 95% CI 8.1–
10.0). Possible explanations for this difference may be an 
improved pattern of care over the last decades, differences 
in access to health care providers or socio-economic status 
[26, 27]. 6-month CS estimates especially at the 6 and 
12 months landmarks largely differed compared to our 
data. However, 6-month CS at 18 months after diagnosis 
was similar [14]. For patients still alive 24 months after 
diagnosis, the online calculator did not provide 6-month 
CS estimates. 

Our finding that baseline prognostic factors can lose 
their validity over time is in line with studies investigating 
CS in lymphoma [28] and colon cancer [29] where survival 
prognosis based on baseline measures also converged in 
long-term survivors. In contrast to this, another recent 
study on renal cell carcinoma patients revealed that Heng 
risk group risk stratification retained its value over time 
from three to 18 months. However, there was also a trend 
towards convergence in the subset of patients with poor 
risk factors who remained on first-line targeted therapy 
for long periods of time [13]. In summary, all these findings 
support that survival prognosis should be regarded as a 
dynamic process over time. 

Calculations of Conditional Survival

Conditional survival is derived from the concept 
of conditional probability in statistics. For example, to 
compute the 5-year CS for a patient who has already 
survived 2 years, the survival probability at 5 + 2 years, 
S(7), is divided by the survival probability at 2 years, 
S(2). This is the traditional definition of CS; it takes into 
account how long someone has survived. However, as 
outlined by Zamboni et al, this traditional approach does 
not take into account e.g. present disease status relative 
to recurrence or second primary cancer [29]. Therefore, in 
recent publications, investigators extended the CS concept 
using the landmark approach [13, 29, 30], which we have 
applied herein. This approach is more flexible compared 
to the traditional technique, because one can condition on 
a specific set of patients alive and e.g. free of recurrence 

or progression, or still on a certain treatment – thus much 
more detailed clinical information can be included to 
calculate CS. However, if one only conditions on survival 
status at a certain time point, CS estimates of the landmark 
approach or the traditional CS technique provide almost 
identical information.

CONCLUSION

Survival prognosis based on characteristics at diagnosis 
do not account for the dynamic development of survival 
prognosis over time and are therefore not very useful for 
counselling during follow-up. Clinicians know that the 
longer a patient lives, the longer she/he is expected to live; 
however, formally calculated CS estimates are often not at 
hand to be shared with patients. In contrast to previous 
reports, 6-month CS from our cohort of patients with 
advanced pancreatic cancer remains stable and above 50% 
for the first two years after diagnosis. Our results provide 
important information for counselling patients and 
families regarding survival prognosis during treatment 
and follow-up. 
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