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Abstract

Background: Over the past decades, the therapeutic landscape has markedly changed for patients with metastatic solid cancer, yet
few studies have evaluated its effect on population-based survival. The objective of this study was to evaluate the change in survival
of patients with de novo metastatic solid cancers during the last 30 years.

Methods: For this retrospective study, data from almost 2 million patients diagnosed with a solid cancer between January 1, 1989,
and December 31, 2018, were obtained from the Netherlands Cancer Registry, with follow-up until January 31, 2021. We classified
patients as with or without de novo metastatic disease (M1 or MO, respectively) at diagnosis and determined the proportion with M1
disease over time. Changes in age-standardized net survival were calculated as the difference in the 1- and 5-year survival rates of
patients diagnosed in 1989-1993 and 2014-2018.

Results: Different cancers showed divergent trends in the proportion of M1 disease and increases in net survival for M1 disease
(approximately 0-50 percentage points at both 1 and 5 years). Patients with gastrointestinal stromal tumors saw the largest increases
in 5-year survival, but we also observed substantial 5-year survival increases for patients with neuroendocrine tumors, melanoma,
prostate cancer, and breast cancer.

Conclusion: Over 30years, the survival of patients with de novo M1 disease modestly and unevenly increased among cancers.
Metastatic cancer still remains a very lethal disease. Next to better treatment options, we call for better preventive measures and

early detection to reduce the incidence of metastatic disease.

Solid cancers are a major public health problem worldwide, with
approximately 16 million new patients and 8.5 million deaths
reported in 2020 (1). Approximately 4%-65% of cancers are diag-
nosed as metastatic disease, which is often associated with a
poor prognosis (2,3). Although the approval of over 80 novel sys-
temic therapies since 1990 has expanded the treatment options
for most metastatic tumors (4), improving survival for these
patients remains a challenge (5).

Population-based cancer survival statistics, including 5-year
survival rates, are important metrics for evaluating and prioritiz-
ing cancer control policy (6). Many prior studies have compared
survival rates between countries or have assessed the differences
in survival between periods irrespective of cancer stage (6,7).
However, nationwide studies focusing on changes in the survival
of patients with distant metastases are scarce because many

existing cancer registries have no or incomplete data on stage at
diagnosis (8).

Systemic therapy constitutes the backbone of treatment for
most metastatic cancers. Historically, this primarily included
cytotoxic chemotherapy and hormonal therapy, but in recent
decades, the therapeutic landscape has rapidly changed because
of the approval of several targeted and immune therapies.
Although randomized controlled trials (RCT) have demonstrated
the safety and efficacy of each of these new medicines, the
impact on survival in unselected population-based samples has
been inadequately studied (9). This is an important knowledge
gap because clinical trial results may not be representative of the
general patient population (10). Moreover, RCTs do not usually
include the cumulative benefit of sequential therapies. Analysis
of the changes in population-based survival over several decades
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while considering the systemic therapies that have been intro-
duced might offer valuable insights into the overall impact of
new medicines for metastatic cancer.

In this study, we investigate the survival trends of patients
with metastatic cancers at the time of diagnosis (de novo meta-
static cancer [M1]) using data from the nationwide Netherlands
Cancer Registry (NCR). We evaluate changes in the survival of
patients presenting with a solid cancer between 1989-1993 and
2014-2018, and we discuss this in light of the systemic therapies
introduced. Our aim is to determine whether M1 cancer survival
has improved during a period in which many novel medicines
have been approved.

Methods

Study design

We performed a retrospective cohort study based on data from
the NCR between 1989 and 2018. The primary outcomes of this
study were the changes in the 1-year and 5-year net survival of
patients with distant M1 disease. We divided the data into 2
cohorts (1989-1993 and 2014-2018) to ensure comparison of peri-
ods before and after the implementation of novel medicines.
Additionally, we report on the trends in the proportion of patients
with M1 disease (from 1989 to 2018).

We included adult patients aged 18 years and older, diagnosed
with a solid primary cancer between 1989 and 2018. Information
on patients’ vital status was available until January 31, 2021. We
excluded patients diagnosed on the date of death. Patients with
multiple primary tumors were grouped by their first tumor only
and were excluded if the first tumor was diagnosed before 1989.
This study was approved by the NCR’s Ethics Committee (written
informed consent was not required).

Data source

The NCR reached national coverage in 1989 and has an estimated
completeness of more than 95% of all malignancies in the
Netherlands (11). Data managers record data on patient, tumor,
and initial treatments directly from patient files. The
International Classification of Diseases for Oncology is used for
coding topography and morphology. Staging methods are consid-
ered when determining the stage at diagnosis, but no information
is recorded on the modalities used or the outcomes. In most
tumors, the stage is coded according to the Union for
International Cancer Control tumor, node, metastasis (TNM)
classification (4th-8th edition). Otherwise, tumors are classified
by the extent of the disease (EoD) as local, regional, or distant.
The NCR is linked each year on January 31 to the Municipal
Personal Records Database to obtain information on vital status.
Patients who emigrate are censored at the date of emigration.

Case definitions

Patients were classified as having M1 (de novo metastatic cancer)
based on 1 of 3 criteria: 1) M1 disease according to the TNM clas-
sification (clinically and/or pathologically proven); or 2) distant
disease according to the EoD classification system (clinical EoD
and/or pathologically proven EoD =6; used in the NCR for only a
minority of cancers); or 3) the presence of metastasis with an
unknown primary tumor (C80.9) (Supplementary Table 1, avail-
able online). All other patients were classified as without de novo
metastatic cance (MO), including those with unknown stage. In
the Netherlands, clinically diagnosed metastases are typically
based on radiological evaluation rather than clinical examination
alone.
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We defined 28 cancers based on the histology (carcinoma) and
the primary site (most cancers) or the histology only (gastrointes-
tinal stromal tumors [GIST], neuroendocrine tumors [NET], mela-
noma), including a group of “other” cancers and a group of
cancers with an unknown primary site (C80.9) (Supplementary
Table 2, available online). Approximately 75% of patients with
metastatic melanoma had melanoma of unknown primary.
These often present with lymph node metastases only, so they do
not fit within our definition of M1 disease (distant metastases).
Still, we included them in our analyses because they share simi-
lar treatment strategies (12).

Lung cancer was divided into small cell lung cancer (SCLC)
and non-small cell lung cancer (NSCLC) subgroups based on their
clinical and treatment differences and into “lung other” (mostly
cases without pathological confirmation). All patients with cen-
tral nervous system tumors (ie, meninges C70, brain C71, other
parts of central nervous system C72, pituitary gland C75.1, and
pineal gland C75.3) were excluded because these patients usually
die from the local tumor burden rather than metastasis. Patients
with Kaposi's sarcoma (C46) were excluded because most do not
die from metastatic disease but from the underlying disease
(mostly HIV/AIDS), and patients with mesothelioma (C45) were
excluded because TNM data were unavailable for this cancer
between 1989 and 1992.

Statistical analyses

The proportion of patients with M1 disease was calculated by
dividing the annual number of patients with M1 disease per can-
cer by the total annual number of patients with and without dis-
tant metastases at diagnosis (MO +M1). Trends over time of the
proportion of M1 were plotted, and by visual inspection of the
graphs we grouped the cancer types into a constant, increasing,
decreasing, or a combination of an increasing and decreasing
trend. We also reported changes over time with the number, and
mean age, proportion of men, of patients diagnosed between
1989-1993 and 2014-2018. The 1- and S-year net survival for
patients with M1 disease were estimated for the 2 defined time
periods, considering net survival to be the survival observed if
cancer was the only possible cause of death (13). net survival can
be interpreted as cancer-specific survival. The Pohar-Perme esti-
mator served to estimate the age-standardized net survival with
95% confidence intervals (14). Age standardization was con-
ducted to account for changes in the distribution of age over
time, which is important because the age distribution has a sig-
nificant impact on the population’s survival. The International
Cancer Survival Standard was used for most cancer types and
Dutch weightings for prostate cancer (find the weights in
Supplementary Table 2, available online). We used the same age
distribution for all time periods. Age-standardized net survival
analyses were not possible for certain cancers due to the limited
number of diagnoses and events in 1 or more age strata. For these
cancers, weighting groups were adjusted (eg, testicular cancer) or
the diagnostic cohorts were changed (eg, vulva or vagina, hepato-
cellular cancer); additionally, analyses not standardized by age
were performed for cancers with 20 or less patients in 1 or more
age strata (see Supplementary Table 3, available online).

We used the cohort approach to estimate patient net survival.
This approach can estimate the 5-year net survival of a cohort
even in the absence of complete follow-up data (such as in our
study for the cohort 2014-2018) by using the survival information
of all patients until censoring (eg, like the Kaplan-Meier and life
table methods) (13). Survival changes over time were calculated
as the arithmetic gain by subtracting the estimated survival rate
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of the 1989-1993 cohort from that of the 2014-2018 cohort. The
statistical significance changes were assessed with the Z-test (P <
.01) (15).

In supplemental analyses, we also evaluated the changes in
median overall survival, and we reported trends in M1 survival
over time by estimating the net survival of the intermediate
cohorts.

Results
Patient population

In total, almost 2 million adult patients were diagnosed with an
eligible solid cancer between 1989 and 2018. We included 52263
and 84383 diagnosed with de novo metastases (M1) in the sur-
vival analyses for 1989-1993 and 2014-2018, respectively.
Information on M stage at diagnosis was based on clinical or
pathological classification in most patients (69% in 1989-1993
and 92% in 2014-2018). The number with M1 disease increased
between 1989-1993 and 2014-2018 for all cancers except for stom-
ach cancer, whereas the number of patients with an unknown
primary cancer more than halved (Table 1; Supplementary Table
4, available online).

The proportion of patients with M1 disease at diagnosis and
disease evolution differed between cancers. For instance, almost
one-half of the patients with pancreatic cancer had distant meta-
stases at diagnosis as opposed to approximately 1% of patients
with head and neck squamous cell carcinoma. Furthermore, cer-
tain cancers (eg, NSCLC or SCLC) showed a clear increasing trend
over time, whereas others clearly decreased (eg, prostate) (see
Figure 1, A-D; Supplementary Table 4, available online).
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Changes in M1 survival
The 1- and 5-year age-standardized net survival rates increased
over time for most cancers (Figure 2; Supplementary Figure 1;
Supplementary Tables 5-7, available online). There remains a
large gap in survival between cancers with the most and the least
favorable survival. The percentage point increases in 1-year net
survival ranged from 0 to 50, and that for 5-year survival ranged
from O to 46. The largest gains in 1-year net survival were
observed for GIST, NET, and cancers of the rectum, colon, and
ovaries. The largest increases in 5-year net survival were seen in
patients with GIST, NET, and cancers of the prostate, breast, tes-
ticles, and thyroid (all subtypes). The increases were mainly seen
from 1994-1998 onward for GIST, during the entire study period
for NET, from 2004-2008 onward for prostate cancer, from 1999-
2003 onward for breast cancer, in the earliest period for testicular
cancer (ie, 1989-1993 and 1994-1998), and from 1994-1998 onward
for thyroid cancer (see Supplementary Figure 1, available online).
Changes in median overall survival were also largest in GIST,
NET, breast, and prostate cancer (see Supplementary Table 8,
available online).

Overall, the net survival rate for M1 disease exceeded 50% at 1
year for 11 cancers and exceeded 20% at 5years for 8 (2014-2018).

Discussion

This study showed that the 1-year survival increased for most
patients with M1 disease, but the magnitude of increase differed
substantially between cancers. Additionally, we observed
increases (>15%) in the 5-year survival for GIST, NET, melanoma,
and cancer of the prostate, breast, thyroid, and testis. Approval

Table 1. Per cancer type and time period, the number of newly diagnosed patients with de novo metastatic disease and the mean age

Cancer? 1989-1993, Mean age Male, No. 2014-2018, Mean age Male, No. Increase or
No. (95% CI), y (%) No. (95% CI), y (%) decrease

Prostate 5477 74 (73 to 74) 5477 (100) 8491 73 (73 t0 73) 8491 (100) |
Testicular 210 32 (30 to 33) 210 (100) 293 35 (34 to 36) 293 (100) T
Thyroid 182 67 (65 to 69) 64 (35) 259 67 (66 to 69) 116 (45) #
Breast 2808 64 (63 t0 64) 12 (0) 3826 63 (62 to 63) 42 (1) !
NET 304 64 (63 to 65) 158 (52) 840 64 (63 to 65) 466 (55) #
Vulva/vagina 27 70 (65 to 76) 0 (0) 85 71 (69 to 74) 0(0) T
Melanoma 440 57 (55 to 58) 249 (57) 1041 63 (62 to 64) 639 (61) 1
Ovarian 1060 66 (65 t0 67) 0(0) 1517 68 (68 to 69) 0(0) T
Corpus uteri 248 69 (68 to 70) 0(0) 672 70 (69 to 71) 0 (0)

GIST 50 59 (56 to 63) 21 (42) 160 66 (64 to 68) 101 (63) T
Rectum 1956 67 (67 to 68) 1159 (59) 3644 66 (66 to 66) 2254 (62) !
Cervix uteri 144 59 (57 to 62) 0(0) 373 58 (57 to 60) 0(0) !
Sarcoma 390 57 (55 to 59) 214 (55) 545 60 (59 to 62) 329 (60) 1
Colon 4753 68 (68t069) 2259 (48) 9332 68 (6810 68) 4961 (53) #
Kidney 1489 65 (64 to 65) 918 (62) 2205 67 (67 to 68) 1467 (67) 1
HNSCC 97 62 (60 to 64) 77 (79) 238 66 (64 to 67) 178 (75) T
Bladder 549 69 (68 to 70) 384 (70) 1768 70 (70 to 71) 1164 (66) 1
Other solid cancers 811 65 (64 to 66) 364 (45) 1187 65 (64 to 65) 586 (49) #
Cancers with an unknown primary site 11659 69 (69 to 69) 6406 (55) 5280 73 (72 to 73) 2661 (50) 1
SCLC 3575 66 (65t066) 2871 (80) 4873 67 (67t068) 2564 (53) T
Esophagus/cardia 1646 65 (64 to 65) 1229 (75) 4387 67 (67 to 67) 3464 (79) 1
Stomach 2720 69 (6810 69) 1697 (62) 2148 69 (68t069) 1329 (62) #
NSCLC 7510 65 (65 to 65) 6055 (81) 19868 67 (67 to67) 11262 (57) 1
Lung other 1045 70 (70 to 71) 874 (34) 2890 76 (75t076) 1706 (59) T
Bile ducts 289 69 (67 to 70) 133 (46) 1347 67 (66 to 67) 665 (49) |
Hepatocellular 114 62 (59 to 65) 69 (61) 508 68 (67 to 69) 395 (78) T
Gallbladder 339 71(70t072) 73 (22) 383 70 (69 to 71) 111 (29) !
Pancreas 2371 67 (66t067) 1288 (54) 6223 69 (69t069) 3275 (53) T
Total 52263 67 (67 to67) 20002 (62) 84383 68 (68t068) 48519 (57) 1

a

See Supplementary Table 2 (available online) for a detailed description of the cancer types; | = increase; | = decrease; # = remained the same. CI = confidence

interval; GIST = gastrointestinal stromal tumors; HNSCC = head and neck squamous cell carcinoma; NET =neuroendocrine tumor; NSCLC = non-small cell lung

cancer; SCLC =small cell lung cancer.
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Figure 1. Trends in the proportion of patients with metastatic cancer at diagnosis M1/(M0+M1)) per cancer type from 1989 to 2018. A) Constant trend.
B) Increasing trend. C) Decreasing trend. D) Increasing and decreasing trend. ®Fluctuations because of small patient numbers in each year. "Patients
with SCC excluded. Note: The increases in the proportion of M1 disease may be caused by various reasons (eg, changes in the proportion of M1/(M0_M1)
or changes primarily in the incident of M1 or MO). Therefore, the absolute patient numbers with MO and M1 are also provided in Supplementary Table 4
(available online). GIST = gastrointestinal stromal tumors; HNSCC = head and neck squamous cell carcinoma; MO = patients with locoregional cancer;
M1 =patients with de novo metastatic disease; NET = neuroendocrine tumor; NSCLC =non-small cell lung cancer; SCC =squamous cell carcinoma;

SCLC = small cell lung cancer.

was granted for more than 80 novel medicines and multiple new
indications for existing medicines to treat metastatic disease
(Figure 3; Supplementary Tables 9 and 10, available online).
Although introducing new medicines probably contributed to
some of the observed survival increases, the changes in survival
did not appear to relate to the number of new medicines
approved (Figure 4). Besides, we cannot assume causation
because we do not know how many of the patients actually
received the newly approved medicines. Moreover, a higher num-
ber of new treatment options does not always result in better sur-
vival at the population level.

Interpreting survival trends over several decades is complex
because various factors can explain any observed changes.
Together with better treatment, factors such as better staging
due to improvements in imaging and changes in registration,
coding practices and TNM classifications (both causing stage
migration), and distribution of prognostic factors (eg, subtypes)
could account for the survival improvements. Nevertheless, it
appears plausible that at least part of the survival increases
observed in our study represents true treatment progress, such
as the substantial 18-46 percentage point increases in 5-year sur-
vival for breast cancer, NET, and GIST that coincided with the
approval of novel medicines.

The tyrosine kinase inhibitor imatinib, for instance, was
approved in 2002 for the treatment of metastatic GIST (see

Figure 4). In RCTs, patients treated with this agent showed
median survival times of approximately 50-60 months, increasing
from historic medians of just Smonths (16,17). Approximately
84% of patients in our 2014-2018 cohort received a tyrosine kin-
ase inhibitor as first-line therapy, suggesting that imatinib has
been widely implemented in the Netherlands (Supplementary
Table 11, available online). In addition, survival mainly increased
from 1994-1998 to 1999-2003 (Supplementary Figure 1, available
online). Hence, at least some of the observed survival increase
likely reflects the adoption of effective treatment options for de
novo metastatic GIST.

Concerning de novo metastatic breast cancer, the 5-year net
survival in our study increased by 18 percentage points during a
period when 17 new medicines were approved. Several of these,
such as the targeted agents trastuzumab and pertuzumab, can
improve survival in patients with HER2+ metastatic breast can-
cer. Although this subgroup accounts for only approximately 15%
of patients, we consider it plausible that the successful imple-
mentation of these medicines accounts for some of the observed
improvements in 5-year survival, especially given that most
patients in the 2014-2018 cohort received one of these medicines
as a first-line therapy (Supplementary Table 11, available online).
Unfortunately, we could not separately evaluate the survival of
this subgroup because HER2 status was not recorded in the NCR
before 2005. Other medicines that probably contributed to the
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improved survival in our study include aromatase inhibitors and
taxanes (18).

Octreotide represented an important breakthrough in the
treatment of metastatic NET when implemented in the
Netherlands in 1992 (19). Several other therapies were also
granted regulatory approval since then. In our study, the number
of patients diagnosed with NET markedly increased over time,
likely reflecting improved pathology assessment and greater
awareness of these uncommon cancers. Moreover, NETs are a
heterogeneous group of tumors for which survival depends on
multiple factors, including the histology and primary site, the dis-
tribution of which varied between the periods in this study
(20,21). Therefore, the substantial survival increase of 32 percent-
age points is probably not only the effect of advances in treat-
ment.

In addition to these cancers, our data uncovered substantial
improvements of 16 percentage points in long-term survival from
metastatic melanoma. These findings are relevant because the
treatment landscape has dramatically changed with the advent
of immune checkpoint inhibitors (ICIs) and multiple targeted
agents over recent years. ICIs represent particularly important
breakthroughs, improving the 5-year survival from metastatic
melanoma by up to 52% in RCTs from historic levels less than

10% (22,23). Studies investigating the impact of ICls in daily prac-
tice have also revealed an improved prognosis (24). The NCR
regrettably lacks data on therapies not administered first line,
and thus we do not know how many patients received ICL
However, previous data in the Netherlands suggest the rapid
implementation of new systemic options for melanoma (25). The
survival increases observed in our study may therefore reflect
this trend of ICI application.

We found long-term survival increases of 6 percentage
points in patients with NSCLC. Stage migration since imple-
mentation of fluorodeoxyglucose positron emission tomography
in 1997 likely accounts for some of this increase in the
Netherlands. Since then, the percentage of patients with M1
NSCLC increased from 29% to 53% (Figure 1), but the limited
survival increases are disappointing given that it received most
novel medicines (Figure 4). The minor changes in population-
based long-term progress can be explained in several ways.
First, some patients in the 2014-2018 cohort may not have
received the newest and most effective agents because many of
these had only recently been implemented (eg, ICIs in 2016).
Second, we cannot expect long-term benefits for all patients
(eg, 5-year survival of 16%-33% with ICIs in RCTs) (22,26). Third,
our follow-up duration may not have been long enough to
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Figure 3. Timeline of newly approved medicines for patients with metastatic cancer per cancer type in the Netherlands. Gray dots, squares, and
triangles show medicines for which the year of approval is uncertain (see Supplementary Table 10, available online). GIST = gastrointestinal stromal
tumors; HNSCC = head and neck squamous cell carcinoma; NET =neuroendocrine tumor; NSCLC =non-small cell lung cancer; SCLC =small cell lung

cancer.

capture improvements in 5-year survival because of the latest
medicines. Future studies should confirm whether survival
from metastatic NSCLC improves over time.

Despite the breakthroughs in systemic treatment for meta-
static solid cancers, debate persists regarding the effectiveness
and rising costs of new cancer medicines (27). Some may bring
few health benefits, with a recent study estimating that approxi-
mately 22% of all newly approved medicines for solid cancer
between 2003 and 2013 offered no overall survival benefits com-
pared with standard care (28). Although other medicines had a
positive impact, with a mean 3-month improvement in survival,
the magnitude was often modest (28). This may also explain why
the 1- and 5-year survival rates of some cancers have changed lit-
tle in the last 30years. Nevertheless, even minor benefits in sur-
vival or other outcomes (eg, quality of life) may represent
progress in treating patients with metastatic cancer.

Analysis by stage requires appropriate data registration and
few unknown or missing data. The NCR provided accurate stage

information for the entire period, which facilitated the analysis of
changes in M1 survival in a comprehensive list of cancers. By pro-
viding an overview of survival changes for all M1 solid cancers,
our study supplements existing knowledge. Nevertheless, further
research is needed to improve our understanding of the popula-
tion impact of new medicines for metastatic cancer. As a prereg-
uisite, databases should include data beyond the first-line
treatment together with confounding variables (ie, co-morbidity)
and other relevant outcomes (ie, quality of life, adverse events). A
complete overview will also require further study in patients with
metachronous metastatic disease. Unfortunately, it is not possi-
ble to easily obtain such data.

Our results show that the survival of patients with de novo
metastatic cancer improved slowly over 30years but that these
gains were typically modest and unevenly distributed among
cancers. Unfortunately, metastatic cancer remains a very lethal
disease for almost all cancer types. Next to better treatment
options to improve survival in patients with metastatic cancer,
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Figure 4. Association between the number of new medicines approved during the period 1989-2018 and the 5-year net survival changes from 1989-1993
and 2014-2018 of patients with different solid cancers. GIST = gastrointestinal stromal tumors; HNSCC = head and neck squamous cell carcinoma;
NET = neuroendocrine tumor; NSCLC =non-small cell lung cancer; SCC =squamous cell carcinoma; SCLC =small cell lung cancer.

we call for better preventive measures and early detection to
reduce the incidence of metastatic disease.
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