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Vad	trodde	man	de	första	5000	åren

• Cancer	beskrivs	i	
Egyptiska	skrifter	redan	
3000	fkr

• Behandlingen	som	
beskrivs	huvudsakligen	
kirurgisk	i	tidiga	texter

• Hippokrates (460-370	
fKr)

• Svart	galla	eller	gudarnas	
vrede?

• Galenos (129-199	eKr)
• Dioschorides (40-90	eKr)
• Ibn Sina	(980-1037)

Ebers	Papyrus	on	cancer
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Modernare	tider

• Den	första	onkologkliniken öppnar	i	Reims	1740.	
Utbredd	tro	att	kräfta	smittar

• John	Hunter	utvecklar	lymfteorin	vidare	(1750	tal)
• 1865	används	Arsenik för	behandling	av	leukemier		
(Lissauer)

• Rudolph	Virchow (1821-1902)	bidrog	till	teorin	om	
cellen	som	vävnadens	byggsten

• Paul	Ehrlich (1854-1915)	myntade	begreppet	
kemoterapi

Modernare tider
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Cancertyper	i	vår	vardag

Cancer	incidence in	Sweden	2014	(SoS)

 

CANCERINCIDENS I SVERIGE 2014 
SOCIALSTYRELSEN 
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Cancerincidens per läge 

De tio vanligaste cancersjukdomarna redovisas i figur 7. Tillsammans utgör de 
drygt 75 procent av alla cancersjukdomar. Bröstcancer och prostatacancer är i 
särklass de största cancersjukdomarna och står för drygt 30 procent av all cancer. I 
följande avsnitt redovisas bröstcancer, prostatacancer, hudcancer, malignt 
melanom, lungcancer och tjocktarmscancer var och en för sig. Därefter redovisas 
en del av de övriga cancersjukdomarna som grupper i figur 27–39. I figur 40 
redovisas cancersjukdomar per län och i figur 41 redovisas cancersjukdomar efter 
utbildningsnivå. Övriga redovisningar finns i tabell 1–12. Se sid 11angående 
prostatacancer i Stockholms län. 
 

 

Bröstcancer 
För år 2014 rapporterades 9 730 fall med kvinnlig bröstcancer samt 1 422 fall med 
in situ tumörer (in situ tumörer ingår ej i den officiella statistiken). Incidensen har 
ökat från cirka 80 till 200 fall per 100 000 (figur 8) under perioden 1970 till 2014.  
Incidensen för antalet individer har från år 2003 planat ut något för att från år 2009 
återigen öka. Mortaliteten har mer eller mindre legat på en konstant nivå under 
perioden. 

  

0 10 20 30 40

177 Prostata (blåshalskörtel)
191 Tumör i huden, ej malignt melanom

181 Urinvägar utom njure
153 Tjocktarm

162 Lunga, luftstrupe och bronker
190 Malignt melanom i huden

154 Ändtarm och anus
200 Lymfatisk och blodbildande vävnad

180 Njure och njurbäcken
193 Hjärna och övriga nervsystemet

170 Bröst
191 Tumör i huden, ej malignt melanom

153 Tjocktarm
162 Lunga, luftstrupe och bronker

190 Malignt melanom i huden
172 Livmoderkropp (corpus uteri)

154 Ändtarm och anus
175 Äggstock, äggledare och breda livmoderbanden

200 Lymfatisk och blodbildande vävnad
199 Övriga och ospecificerade lokalisationer

M
än

Kv
in

no
r

% 

Andel av samtliga cancersjukdomar för män och kvinnor respektive 

Källa: Cancerregistret, Socialstyrelsen  

Figur 7. De 10 vanligaste cancersjukdomarna 

Cancer	är	en	genetisk	sjukdom!

• Mutationer leder till	
stegvisa förändringar i
cellens funktion

• Ökad proliferation
• Minskad apoptos
• Oändlig delningsförmåga
• Förändrad metabolism
• Angiogenes
• Invasion	&	metastasering

Hanahan&Weinberg Cell	2011
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Stegvisa mutationer leder till	invasiv cancer

698 |  SEPTEMBER 2003 | VOLUME 3  www.nature.com/reviews/cancer

P E R S P E C T I V E S

There are two practical ramifications of
this concept. First, a lower number of alter-
ations per genome should be expected in
early tumours than in late tumours, even
when the instability is initiated early. Second,
certain alterations in early tumours should be
expected to only affect a subpopulation of the
tumour cells before the clonal fixation. Both
of these expectations have been experimen-
tally verified. For example, it has been con-
clusively shown that pathogenic alterations
can be more heterogeneous in adenomas than
in carcinomas37. Furthermore, even though
MMR deficiency occurs very early in the
development of MIN tumours, as explained
earlier, the resultant changes in simple repeat
sequences are observed more commonly in
late tumours38,39.

Neither the study by Haigis et al. nor the
study by Sieber et al. were designed to detect
alterations that were not present in a high
fraction of the tumour cells. The study by
Sieber et al. did not use micro-dissected tis-
sues, in which contaminating non-neoplastic
cells had been removed. According to the
methods described in their paper, LOH
would not have been detected unless >75%
of the neoplastic cells had lost an allele. Even
so, they found ~9% of adenomas that had
undergone LOH of one of the three chromo-
somes analysed. Haigis et a l . analysed the
variation in total numbers of chromosomes
rather than LOH. The chromosome number
in normal cells had such a large variance in
these experiments that it would be difficult
to identify a variant population if it did not
affect the entire population of neoplastic
tumour cells. Moreover, it has been shown

tumours. Indeed, some well-characterized
human colon cancer cell lines with APC
mutations have chromosome complements
that have remained perfectly stable and
invariant over thousands of cell divisions 
in vitro. One way of reconciling these dis-
parate findings is to posit that, by promot-
ing endoreduplication, APC mutations
could provide a cancer cell with a ‘genetic
buffer’ that allows it to tolerate and survive
CIN, which itself might have a distinct
genetic cause.

The perils of investigating CIN
Two recent studies by Haigis et al.35 and Sieber
et a l.36 have challenged the idea that aneu-
ploidy (and,by inference, CIN) occurs at the
early stages of colorectal tumorigenesis.
Although both studies were well executed,
they were not designed to detect the kinds of
chromosome alterations that are likely to be
present in early tumours.

All forms of instability result in a pro-
gressive phenotype as tumours mature.
Even if the same level of instability were to
exist in early benign tumours as in late
advanced metastatic lesions, there would be
marked differences in the number of
genetic alterations that could be detected.
Alterations accrue and become fixed in the
cell with each wave of clonal expansion, so
their quantification is further complicated
by the variable number of generations that
have occurred between the last bottleneck in
tumour growth and the time of analysis,
and the variability in microenvironments
that the tumour cell encounters at various
times during its life history.

earlier in this article, inactivation of the APC
pathway represents the first genetic alter-
ation that directly affects growth. At least a
third of MIN cancers contain mutations in
β-catenin instead of APC, whereas β-catenin
mutations are rare in non-MIN cancers4.
These observations would be extremely diffi-
cult to explain if MIN occurred after APC
inactivation, because, in that case, there
would be no driving force for β-catenin
mutation. Additionally, the spectrum of APC
mutations that occur in most MIN cancers
without β-catenin mutations is different
from that in non-MIN cancers32. In particu-
lar, there is a higher frequency of alterations
in simple repeat sequences in the MIN than
in the non-MIN cancers. Again, this obser-
vation can not be explained unless MIN
occurs before APC inactivation.

Interestingly, one gene that has been
proposed as a potential initiator of CIN is
APC itself 33,34.Most APC mutations that are
observed in patients lead to truncation of
the encoded protein, with loss of the car-
boxy-terminal domain that normally inter-
acts with microtubules. Mouse cell lines
bearing similarly mutated Apc alleles har-
bour karyotypic abnormalities that are not
seen in isogenic lines with wild-type Apc
genes. However, these Apc-mutant cells
actually tend to polyploidize in whole-
genome increments rather than show the
increased rates of losses and gains of one or
a few individual chromosomes that is char-
acteristic of cancers. It is therefore unlikely
that the polyploidization observed in
mouse cell lines with mutated Apc alleles
represents the CIN that is found in human

APC KRAS TP53 Other
changes

Normal epithelium Early adenoma/
dysplastic crypt

Late adenoma Carcinoma Metastasis

Genetic instability: CIN or MIN

20–40 years

Figure 1 | A step-wise model of colorectal tumorigenesis. Colorectal cancers are believed to develop over the course of 20–40 years as a consequence of
the episodic accrual of specific mutations in oncogenes such as KRAS and tumour suppressors such as APC and TP53. These mutations arise within the
tumour in a characteristic sequence. A single cell within a heterogeneous population acquires a mutation in one such gene, and this mutation soon reaches
fixation because of the growth advantage provided to the cell by the mutation. Genetic instability is thought to occur somewhere during the process of
colorectal tumorigenesis to accelerate the rate of mutation in dividing cancer cells. Experimental evidence for the presence of chromosomal instability (CIN) in
early tumours is limited because of the small size of samples and the possibility that chromosomal alterations can not yet be found in most cells in a young
lesion (see text for details). Nonetheless, strong evidence does exist that CIN occurs early on in the tumorigenic process. Whether CIN is the first event in
tumorigenesis, and therefore precedes mutation of APC, is still a matter of much debate.

Rajagopalan et	al	Nat	Reviews	2003

Antalet mutationer varierar!

Figure 1.
Somatic mutation frequencies observed in exomes from 3,083 tumor-normal pairs. Each dot
corresponds to a tumor-normal pair, with vertical position indicating the total frequency of
somatic mutations in the exome. Tumor types are ordered by their median somatic mutation
frequency, with the lowest frequencies (left) found in hematological and pediatric tumors,
and the highest (right) in tumors induced by carcinogens such as tobacco smoke and UV
light. Mutation frequencies vary more than 1000-fold between lowest and highest mutation
rates across cancer and also within several tumor types. The lower panel shows the relative
proportions of the six different possible base-pair substitutions, as indicated in the legend on
the left. (See also Supplementary Table S2.)

Lawrence et al. Page 9

Nature. Author manuscript; available in PMC 2014 February 10.
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Ärftlighet är en orsak till cancer

Hos 5-10% finns en ärftlig komponent som helt 
eller delvis orsakar tumören
ÄRFTLIGA SYNDROM
• Coloncancer

• HNPCC, FAP
• Bröstcancer

• BRCA 1o2
• Multipel Endokrin Neoplasi

• MEN 1o2
Screening av friska med högre risk att drabbas!

Ärftlig komponent hos andra?

Copyright 2016 American Medical Association. All rights reserved.

viduals died of any cause and 3804 individual twins emi-
grated and were lost to follow-up.

Cancer was diagnosed in both twins among 1383 mono-
zygotic (2766 individuals) and 1933 dizygotic (2866 individu-
als) pairs. Of these, 38% of monozygotic pairs (n = 522) and 26%
of dizygotic pairs (n = 496) were diagnosed with the same type
of cancer.

The estimated cumulative incidence of cancer in the over-
all cohort and the familial risk among monozygotic and dizy-
gotic twins appear in the Figure. The estimated cumulative in-
cidence of cancer, accounting for competing causes of death,
was 8% by the age of 65 years, 25% by the age of 80 years, and
32% by the age of 100 years using twins as individuals in a stan-
dard cohort analysis.

These risks are similar to the nationwide rates in the Nor-
dic populations, showing representativeness of the twins. The
lifetime familial risk of any cancer for those whose co-twins
were also diagnosed with cancer was 37% (95% CI, 36%-38%)
among dizygotic pairs and 46% (95% CI, 44%-48%) among
monozygotic pairs by the age of 100 years.

There was an excess cancer risk in twins whose co-twin
was diagnosed with cancer, with estimated cumulative risks
that were an absolute 5% (95% CI, 4%-6%) higher in dizygotic
(37%; 95% CI, 36%-38%) and an absolute 14% (95% CI, 12%-
16%) higher in monozygotic twins (46%; 95% CI, 44%-48%)
whose twin also developed cancer compared with the cumu-
lative risk in the overall cohort (32%).

The types of cancers with the highest estimated cumula-
tive incidence in the cohort were prostate (10.5%), breast
(9.4%), lung (3.2%), nonmelanoma skin (1.9%), and colon
(2.9%) (Table 2). There were elevated familial risks among
monozygotic and dizygotic pairs of twins for most cancer types
as indicated by the familial risk estimates compared with the
cumulative incidence. These risks were substantially higher
for monozygotic than dizygotic pairs for cancers of the pros-
tate and breast.

Some of the strongest familial associations were
observed for somewhat less common cancers. For testicular
cancer, for which the cumulative risk in the cohort was
0.5%, the risk was substantially higher when his co-twin
was also diagnosed with testicular cancer; for dizygotic
twins, the familial risk estimate was 6% (95% CI, 2%-17%)
and for monozygotic twins it was 14% (95% CI, 6%-30%) if
his co-twin had previously been diagnosed with testicular
cancer.

Familial cancer risk was also high for melanoma of the
skin, with familial risks of 6% (95% CI, 3%-13%) for dizy-
gotic twins and almost 20% (95% CI, 12%-31%) for monozy-
gotic twins compared with a cumulative risk of 1.2% for
the overall cohort. Familial risk of nonmelanoma skin
cancer was also evident, although less than for melanoma.
Familial risk of ovarian cancer for women whose twins
also had ovarian cancer was similarly greater in monozy-
gotic (9%; 95% CI, 4%-18%) than dizygotic (3%; 95% CI,
1%-7%) twins.

Results from the quantitative genetic modeling used to
decompose the familial associations into the genetic and
shared environmental components that affect twins the
same way appear in Table 3 and in the eTable in the Supple-
ment. The heritability for cancer overall was 33% (95% CI,
30%-37%), with no evidence of a shared environmental
component.

A high estimate of heritability of 57% (95% CI, 51%-63%)
was found for prostate cancer.9 For breast cancer, 31% of
variability may be associated with genetic factors and 16%
with shared environmental factors. The strong familial
effect noted for testicular cancer among monozygotic and
dizygotic twins was associated with both significant genetic
(37%) and shared environmental (24%) factors. Moreover,
we found significant heritability estimates for cancer of the
kidney (38%), skin melanoma (58%), and skin nonmela-
noma (43%).

Figure. Cumulative Incidence and Familial Risk of Developing Any Cancer Over Time in the NorTwinCan Cohort
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The cumulative incidence is the risk of developing a first cancer over time within
the full twin cohort, and the estimate is adjusted for censoring and competing
risks of death. Familial risk is defined as the risk of developing any cancer given
the twin’s co-twin also developed cancer. At the start of follow-up, there were
79 980 individual monozygotic twins and 122 888 individual dizygotic twins in

the risk set. The extent to which the estimate of familial risk is higher than the
cumulative incidence gives a sense of the magnitude of excess risk that may be
associated with familial factors. Shaded areas indicate 95% confidence
intervals; NorTwinCan, Nordic Twin Study of Cancer.

Familial Risk and Heritability of Cancer Among Twins Original Investigation Research

jama.com (Reprinted) JAMA January 5, 2016 Volume 315, Number 1 71

Copyright 2016 American Medical Association. All rights reserved.
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Vad	orsakar	cancer	(förutom	arv)?
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Tobak	(30%) 
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Yrkesfaktorer	(4%)

Infektioner	(7%)
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Övrigt	(10%)

Fritt	efter	WHO

Hallmarks	of	cancer

Hanahan&Weinberg Cell	2011
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Klonal evolution

Figure 1: Schematic of clonal evolution model. Each cancer cell in tumors harbours similar tumorigenic capacity and the progression 

Wang	et	al	Oncotarget 2015

Finns	det en cancerstamcell?

can often only guess what the effects of such mutations will be on 
the actual cells involved in particular cancers. This has handicapped
our ability to translate our identification of mutations into new 
therapies.

A tumour can be viewed as an aberrant organ initiated by a
tumorigenic cancer cell that acquired the capacity for indefinite 
proliferation through accumulated mutations. If one views a tumour
as an abnormal organ, then the principles of normal stem cell 
biology12,44 can be applied to understand better how tumours develop
(reviewed in ref. 45). In fact, many observations suggest that 
analogies between normal stem cells and tumorigenic cells may be
appropriate. Both normal stem cells and tumorigenic cells have
extensive proliferative potential and the ability to give rise to new
(normal or abnormal) tissues. Both tumours and normal tissues are
composed of heterogeneous combinations of cells, with different
phenotypic characteristics and different proliferative potentials46–49.
Because most tumours have a clonal origin50–52, tumorigenic cancer
cells must give rise to phenotypically diverse progeny, including 
cancer cells with indefinite proliferative potential, as well as cancer
cells with limited or no proliferative potential. This suggests that
tumorigenic cancer cells undergo processes that are analogous to the
self-renewal and differentiation of normal stem cells.

Although some of the heterogeneity in tumours arises as a result
of continuing mutagenesis, it is likely that heterogeneity also arises
through the aberrant differentiation of cancer cells. It is well 
documented that many types of tumours contain cancer cells with
heterogeneous phenotypes reflecting aspects of the differentiation
that normally occurs in the tissues from which the tumours arise.
The variable expression of normal differentiation markers by cancer
cells in a tumour suggests that some of the heterogeneity in tumours
arises as a result of the anomalous differentiation of tumour cells.
Examples of this include the variable expression of myeloid markers
in chronic myeloid leukaemia, the variable expression of neuronal
markers within peripheral neurectodermal tumours, and the 
variable expression of milk proteins or the oestrogen receptor 
within breast cancer.

In other words, both normal stem cells and tumorigenic cells give
rise to phenotypically heterogeneous cells that exhibit various
degrees of differentiation. Thus, tumorigenic cells can be thought of
as cancer stem cells that undergo an aberrant and poorly regulated
process of organogenesis analogous to what normal stem cells do. It is
perhaps not surprising that tumorigenic cells behave in ways that are
analogous to normal stem cells given that cancer cells tend to display
functional and phenotypic attributes of the normal cells from which
they are derived28.

Evidence for cancer stem cells
It was first extensively documented for leukaemia and multiple
myeloma that only a small subset of cancer cells is capable of extensive
proliferation. For example, when mouse myeloma cells were
obtained from mouse ascites, separated from normal haematopoiet-
ic cells and put in clonal in vitro colony-forming assays, only 1 in
10,000 to 1 in 100 cancer cells were able to form colonies53. Even when
leukaemic cells were transplanted in vivo, only 1–4% of cells could
form spleen colonies54–56. Because the differences in clonogenicity
among the leukaemia cells mirrored the differences in clonogenicity
among normal haematopoietic cells, the clonogenic leukaemic cells
were described as leukaemic stem cells (for example, see ref. 53). But
two formal possibilities remained: either all leukaemia cells had a low
probability of proliferating extensively in these assays such that all
leukaemia cells had the potential to behave as leukaemic stem cells, or
most leukaemia cells were unable to proliferate extensively and only a
small, definable subset of cells was consistently clonogenic.

To prove the second possibility, it would be necessary to separate
different classes of leukaemia cell and show that one subset is highly
enriched for clonogenic capacity and all other cells are greatly 
depleted for clonogenicity. This has been accomplished by Dick and

colleagues57, who showed that human AML stem cells could be 
identified prospectively and purified as CD34+CD38– cells from
patient samples. Despite the fact that these cells represented a small
but variable proportion of AML cells (0.2% in one patient), they were
the only cells capable of transferring AML from human patients to
NOD/SCID mice in the vast majority of cases. This excluded the first
possibility that all AML cells had a similar clonogenic capacity, and
showed that a small, predictable subset was consistently enriched for
the ability to proliferate and transfer disease.

It has also been shown for solid cancers that the cells are pheno-
typically heterogeneous and that only a small proportion of cells are
clonogenic in culture and in vivo46–49,58. For example, only 1 in 1,000
to 1 in 5,000 lung cancer, ovarian cancer or neuroblastoma cells were
found to form colonies in soft agar59. Just as in the context of
leukaemic stem cells, these observations led to the hypothesis that
only a few cancer cells are actually tumorigenic and that these
tumorigenic cells could be considered as cancer stem cells59. But, as
explained above, two possibilities remain: either all solid cancer cells
have a low probability of proliferating extensively and behaving in
clonogenic assays as cancer stem cells, or most cancer cells have only a
limited proliferative potential and cannot behave as cancer stem cells,
but a small, definable subset of cells is enriched for the ability to 
proliferate extensively and form tumours.

In both cases, some of the cancer cell heterogeneity would arise as
a result of environmental differences within the tumour and 
continuing mutagenesis. The essential difference between these 
possibilities is the prediction, according to the second possibility, that
whatever the environment or mutational status of the cells, only a
small, phenotypically distinct subset of cancer cells has the ability to
proliferate extensively or form a new tumour (Fig. 4). It has not been
possible to distinguish between these models of solid cancer hetero-
geneity, because as yet no one has published the identity of purified
subsets of uncultured solid cancer cells that are enriched for the 
ability to form new tumours.

The implications of solid cancer stem cells
If the growth of solid cancers were driven by cancer stem cells, it
would have profound implications for cancer therapy. At present, all
of the phenotypically diverse cancer cells are treated as though they

insight review articles

NATURE | VOL 414 | 1 NOVEMBER 2001 | www.nature.com 109

Tumour cells are
heterogeneous, but most
cells can proliferate
extensively and form
new tumours

Tumour cells are heterogeneous
and only the cancer stem cell
subset (CSC; yellow) has the ability
to proliferate extensively and
form new tumours

a b
CSC

CSC

CSC

CSC

Figure 4Two general models of heterogeneity in solid cancer cells. a, Cancer cells of
many different phenotypes have the potential to proliferate extensively, but any one
cell would have a low probability of exhibiting this potential in an assay of
clonogenicity or tumorigenicity. b, Most cancer cells have only limited proliferative
potential, but a subset of cancer cells consistently proliferate extensively in
clonogenic assays and can form new tumours on transplantation. The model shown
in bpredicts that a distinct subset of cells is enriched for the ability to form new
tumours, whereas most cells are depleted of this ability. Existing therapeutic
approaches have been based largely on the model shown in a, but the failure of
these therapies to cure most solid cancers suggests that the model shown in bmay
be more accurate.

© 2001 Macmillan Magazines Ltd

Reya Nature	2001

Stokastisk cancermodell Cancerstamcellsmodellen
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Stamcellsteorins teoretiska betydelse

Figure 2: Schematic of current cancer stem cell theory. Cancer stem cells are solely capable of self-renewal and unlimited Wang	et	al	Oncotarget 2015

Proliferation	driver	progression

• Cancer	präglas av störd
cellkinetik

• Ökad proliferation
• Högre andel celler aktiv
proliferation

• Minskad celldöd
• Minskad apoptos

• Immortalisering
• Telomerasaktivitet
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Vi	vet	mer om	cellcykeln idag

Mitogenic factors
Growth-promoting factors 
(such as the epidermal growth 
factor) that induce intracellular 
mitogenic signalling pathways 
that are required for 
proliferation of normal cells. 
Cancer cells proliferate 
independently of mitogenic 
factors as a result of mutations 
in proteins in these signalling 
pathways or owing to 
constitutive activation of the 
cell cycle machinery.

Spindle assembly 
checkpoint
(SAC). A cell cycle checkpoint 
that monitors the correct 
attachment of the 
chromosomes to the mitotic 
spindle during metaphase. Its 
activation induces cell cycle 
arrest via inhibition of the 
anaphase-promoting complex/
cyclosome (APC/C).

Cyclin D–CDK4 and cyclin D–CDK6 complexes 
(referred to herein as cyclin D–CDK4/6) promote cell 
cycle progression by two major mechanisms5. First, they 
sequester p21CIP1 and p27KIP1, two CDK inhibitors that 
bind to and prevent activation of cyclin E–CDK2 kinase 
(BOX 1). Second, active cyclin D–CDK4/6 complexes 
phosphorylate various cellular targets, most impor-
tantly, the retinoblastoma tumour suppressor protein 
(RB, encoded by RB1) and the closely related proteins 
p107 (also known as RBL1) and p130 (also known as 
RBL2), thereby enabling E2F transcription factors to 
activate transcription of a plethora of genes involved in 
cell cycle progression from G1 into S phase, DNA rep-
lication, chromatin structure, chromosome segregation 
and the spindle assembly checkpoint (SAC). Among the 
E2F transcriptional targets are cyclins E1 and E2, which 
bind to and activate CDK2. Cyclin E–CDK2 complexes 
further phosphorylate RB, thereby initiating a posi-
tive feedback loop. In addition to these canonical cell 
cycle functions, D-type cyclins, CDK4 and CDK6 were 
shown or postulated to perform several non-canonical 
functions, some of which may be relevant for regulation 
of proliferation6.

The role of the CDK4/6–RB pathway in cancer. Com-
ponents of the CDK4/6–RB pathway are commonly 
mutated in human cancers (FIG. 3a–c). For example, the 
cyclin D1 gene (CCND1) represents the second most fre-
quently amplified locus among all human cancer types7. 
CDK4 is amplified in 50% of glioblastomas8 and is con-
stitutively activated by a point mutation (R24C, which 

renders CDK4 insensitive to inhibition by INK4 family 
members) in melanomas9. Similarly, CDK6 is activated by 
genomic translocations in splenic marginal zone lympho-
mas10. Furthermore, the CDKN2A gene (which encodes 
the tumour suppressors p16INK4A and p14ARF) represents the 
most frequently deleted locus in human cancers and 
its expression is also commonly silenced by promoter 
methylation7. Finally, deletion of RB1 occurs fre-
quently in many tumour types and enables proliferation  
independently of cyclin D–CDK4/6 activity7.

To test the role of D-type cyclins and their catalytic 
partners CDK4 and CDK6 in tumorigenesis and tumour 
maintenance, various genetically engineered mouse 
models were developed (TABLE 1; Supplementary infor-
mation S1 (table)). For instance, introduction of a CDK4 
point mutation found in human melanoma (R24C) into 
the mouse Cdk4 locus caused tumorigenesis in various 
tissues11 and increased the susceptibility of these knock-in 
animals to carcinogen-induced melanoma formation12. 
Furthermore, transgenic mice engineered to overexpress 
cyclin D1 in mammary glands developed mammary 
hyperplasia and mammary carcinomas13. These results 
highlighted the oncogenic properties of D-type cyclins, 
CDK4 and CDK6. Surprisingly, however, carcinogen- 
induced skin tumorigenesis was compromised by expres-
sion of Ccnd3 or CDK6 in the skin of transgenic mice14,15, 
whereas CCND1, Ccnd2 or CDK4 expression enhanced 
skin tumorigenesis as expected14,16,17.

Conversely, mice lacking cyclin D1 were resistant 
to mammary cancer formation induced by some onco-
genes — such as vHras (an oncogenic HRAS mutant with 

Nature Reviews | Cancer
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Figure 1 | Cell cycle progression and major regulatory proteins. Mitogenic signals activate complexes of cyclins and 

cyclin-dependent kinases (CDKs) that promote progression from the G1 phase into S phase by phosphorylating (P) several 

cellular targets, including the retinoblastoma protein (RB). RB hyperphosphorylation attenuates its growth-suppressive 

properties and leads to activation of transcription by the E2F family of transcription factors. Growth-inhibitory signals 

antagonize G1–S progression by upregulating CDK inhibitors of the INK4 and CIP/KIP families. Progression through 

S phase and from G2 phase into mitosis (M phase) is also controlled by cyclin–CDK complexes, together with various other 
proteins, such as Polo-like kinase 1 (PLK1) and Aurora kinases (Aurora A and Aurora B). Cells can also exit the cell cycle and 

enter a reversible or permanent cell cycle arrest (G0 phase). In addition, DNA damage is sensed by several specialized 

proteins and triggers cell cycle arrest via checkpoint kinase 2 (CHK2) and p53 in G1 phase or via CHK1 in S or G2 phase. 

Purple ovals denote positive regulators of cell cycle progression and blue ovals denote negative regulators of cell cycle 

progression. P in dashed circle indicates dephosphorylation. CDC25, cell division cycle 25.
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Epidermal	growth factor	(EGF)	ett exempel

• EGF	och dess receptor	EGFR
uttrycks i de	flesta epiteliala
tumörtyper och många normala
vävnader.

• Receptorfamiljen har fyra
medlemmar (ErbB1,-2,-3	och -4)

• Stimulerar proliferation och
förlängd cellöverlevnad

• Har även effekt på stromala celler

Blume-Jensen &	Hunter	Nature	2001
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RAS/RAF

• Aktiveras	av	RTK	som	
EGFR,PDGFR,VEGFR

• Inducerar	proliferation,	
migration	och	angiogenes

• K-RAS	mutationer	vanliga	
vid	lungcancer

• RAS/RAF	inhibitorer	finns	
men	har	hittills	varit	en	
besvikelse
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JAK/STAT

• Janus kinas	aktiverar	STAT	
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• proliferation (c-myc)
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• Aktiverad	vid	ett	flertal	
maligniteter

• Ruxolitinib vid	myelofibros

JAK

JAK

RUXOLITINIB



28/01/2018

12

PI3K

• Ett	kinas	som		aktiveras	
av	ett	flertal	RTK

• Inducerar	translation
och	cellltillväxt

• Stimulerar	överlevnad,	
proliferation

• Effektiva	mTOR
inhibitorer	registrerade	
vid	njurcancer

PI3K

AKT

mTOR

temsirolimus
everolimus

Tumörimmunologi

• Immunsvaret inte
tillräckligt och tveeggat

• Bidrar till	tumörcellsdöd
• Stimulerar matrix
• Inducerar angiogenes
• Leder till	symtom

• Många celler
involverade

• Nya	behandlings-
möjligheter

and communication within the myeloid compartment and be-
tween myeloid and other immune cells and stromal components
is critical for tumor formation.
Cancer Antigen Presentation and Dendritic Cells. Cancer anti-

gens are presented to T cells either at tumor sites or in draining
lymph nodes by DCs (Figure 3). Cancer antigens, soluble and
cell borne, are transported to lymph nodes via lymphatic vessels.
Soluble antigen is captured by lymph-node-resident DCs, while
tissue-resident DCs capture antigen at tumor sites; either popu-
lation can present antigen locally or migrate through lymphatic
vessels to present in lymph nodes (Steinman, 2011). DCs display
protein antigens in the context of classicalmajor histocompatibil-
ity (MHC) class I and MHC class II molecules or lipid antigens in
the context of non-classical CD1 molecules that allow selection
of rare antigen-specific T lymphocytes, including CD8+ T cells,
CD4+ T cells, and NK T cells. Compared with other antigen-pre-
senting cells (APCs), DCs are extremely efficient in their ability
to induce antigen-specific T-cell responses, justifying their
name ‘‘professional APCs’’ (Lanzavecchia and Sallusto, 2001).
Naive CD8+ T cells differentiate into cytotoxic T lymphocytes
(CTLs) in lymphoid organs upon encounter with DCs, presenting
tumor-derived peptides in the context of co-stimulation through
CD80, CD70, and 4-1BB, as well as through DC-derived cyto-
kines such as IL-12, type I interferon, and IL-15 (Steinman,
2012). The priming of newT-cell repertoires during tumorigenesis
maybe critical for clinical successof therapeutic agents aiming to
unleash antigen-specific CTL activities. Naive CD4+ T cells can
give rise to helper cells with distinct cytokine profiles or to Fox-
P3+ regulatory T cells (Treg), whose role is to dampenCTLactivity
and avoid autoimmune responses (Zhu and Paul, 2008).

Figure 2. Immune-Mediated Landscape
The yin and yang implications of tumor-immune
system communications form the basis for dis-
ease pathophysiology and, at the same time, tar-
gets for therapeutic intervention. The disease
landscape emerging from these multi-factorial in-
teractions is orchestrated by the three compart-
ments, i.e., the cancer, the immune system, and
the host. The outputs are numerous and dramati-
cally opposite, as well as both local and systemic,
and include: immunity that might control cancer;
chronic inflammation that can be linked with tissue
remodeling processes and metabolic changes
that support neoplastic cell survival and primary
tumor development; angiogenesis and lym-
phangiogenesis that can also support metastatic
dissemination; as well as systemic consequences
for the host including cachexia. Clearly, therapy
going forward will require a well-timed and
orchestrated combination of therapies, targeting
multiple modes of communication and effect, to
combat this multi-factorial disease, taking into
account the patient’s steady-state commensal
bacteria complexity and load and how that is
impacted by therapy.

DCs express numerous pattern recog-
nition receptors, including lectins, Toll-
like receptors (TLRs), NOD-like receptors
(NLRs), and helicases, through which
they can sensemicrobes and tissue dam-

age (cancer) such as increased pericellular nucleic acids (Pulen-
dran, 2015). If DCs do not receive maturation signals, such as
when exposed to high levels of IL-10 (Ruffell et al., 2014), they
remain immature and antigen presentation instead leads to T-
cell suppression. DC plasticity in response to extrinsic signals,
together with the existence of discrete subsets with unique func-
tions, empowers DCs as key initiators and regulators of the im-
mune response (Pulendran, 2015). We will illustrate this point
briefly; mouse and human DC subset biology was recently re-
viewed elsewhere (Merad et al., 2013).
The diversity of human DC subsets was revealed by studies

of blood and skin DCs. Three main cell-surface markers
distinguished human-blood-circulating DC subsets: CD303
(BDCA-2) on plasmacytoid DCs (pDCs), CD1c (or BDCA-1) ex-
pressed on the majority of circulating DCs, and CD141/
BDCA-3 expressed on a small fraction (Merad et al., 2013). Hu-
man CD141+CD1c! DCs uniquely express TLR3, produce IL-12,
and efficiently cross-prime CD8+ T cells when activated with
poly I:C (Joffre et al., 2012). However, other human DCs, such
as epidermal Langerhans cells and CD1c+ DCs, also cross-
present antigens to CD8+ T cells. Indeed, our studies have
unraveled the basic principles by which human DC subsets
differentially regulate CD8+ T cells (Klechevsky et al., 2008).
Thus, human Langerhans cells are highly efficient at priming
cytotoxic CD8+ T cells, while CD14+ dermal DCs prime type 2
cytokine-secreting CD8+ T cells (Klechevsky et al., 2008). Blood-
and tissue-resident CD1c+ DCs, but not CD141+ DCs, exposed
to live-attenuated influenza virus promote CD103 (aE integrin)
expression on CD8+ T cells and their accumulation in epithelia
(Yu et al., 2013).

Cell 164, March 10, 2016 ª2016 Elsevier Inc. 1235
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The Lymphoid Compartment
The lymphoid compartment in tumors includes natural killer (NK)
cells, gd T cells, NK T cells, CD4+ T cells, CD8+ T cells, and B
cells. Their functional activity depends upon expression of re-
striction elements, including peptide-MHC complexes (pMHC;

for T cells), the MHC class I molecule (for NK cells), or surface
proteins (for B-cell products, i.e., antibodies) that can be recog-
nized in a specific manner. In addition, lymphoid cells can
be induced to secrete different types of cytokines based on
effector functions. For example, following an activating stimulus,

Figure 3. The Priming of Cancer Immunity
The cycle of anti-tumor immunity starts presumably with presentation of cancer antigens liberated in the process of cell turnover; this same pathway can be
followed for vaccination, as illustrated herein. Antigens are sensed and captured either by tissue-resident DCs or by DCs in draining lymph nodes (LNs). DCs
initiate an immune response by presenting captured antigens, in the form of peptide-major histocompatibility complex (MHC) molecule complexes, to naive (that
is, antigen inexperienced) T cells in lymphoid tissues.When compared with other APCs, such asmacrophages, DCs are extremely efficient and can elicit very low
numbers of T cells to respond. Naive CD8+ T cells differentiate into CTLs in lymphoid organs upon encounter with DCs presenting tumor-derived peptides in the
context of co-stimulation through CD8, CD70, and 4-1BB, aswell as DC-derived cytokines such as IL-12 and IL-15. Naive CD4+ T cells can give rise to helper cells
(e.g., TH) with distinct cytokine profiles or to regulatory T cells (Treg) whose role is to dampen the immune response. T cells migrate through blood and lymphatics.
Upon arrival in tumor beds, CD8+ T cells must confront numerous barriers including: (1) intrinsic regulators, for example, CD28-CTLA-4, PD1-PDL1, and ILTs, as
well as extrinsic regulators cells such as Tregs, Bregs, or myeloid cells; (2) a corrupted TME with pro-tumor inflammation; (3) impaired cross-presentation due to
TME-based DC inhibition; (4) antigen loss and immune evasion of tumor target; and (5) tissue-specific alterations such as fatty cells in breast cancer or des-
mofibrosis in pancreatic cancer stroma. Killing of tumor cells either via T cells or by standard therapy can lead to endogenous antigen release and DC activation,
so called ‘‘endogenous vaccination,’’ thereby closing the cycle. Inevitable to this is the induction of tissue resistancemechanisms, for example, expression of PD-
L1 on neoplastic or other immune cells, as the result of powerful effector immunity, including actions of IFNg. Thus, future immunotherapy approaches will be
based on combinations of different therapeutics targeting distinct components of this cycle, for example, via intratumoral delivery of activating agents able to
reprogram the function of infiltrating leukocytes.

1236 Cell 164, March 10, 2016 ª2016 Elsevier Inc.
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Angiogenesprocessen

a. Angiogenesfaktorer frisätts
b. Basalmembranet degraderas
c.Endotelcellernas
proliferation	ökar

d.Kärllumen bildas
e.Endotelceller migrerar ut i
omgivande vävnad

VEGF	familjen

• Består av ett flertal
besläktade glykoproteiner
PlGF,	VEGF-A,	-B,	-C,	-D,	-E,	
svVEGF
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Metastasering

• En viktig egenskap med	
stor klinisk betydelse

• Invasion
• Lymfogen metastsering
• Hematogen
metastasering

• Komplicerad process	vi	
nu	börjar förstå allt
bättre

multiplication within organ parenchyma (Fig. 3). These
successful metastatic cells (“seed”) have been likened to a
decathlon champion who must be proficient in 10 events,
rather than just a few (64). However, some steps in this pro-

cess incorporate stochastic elements. Overall, metastasis fa-
vors the survival and growth of a few subpopulations of
cells that preexist within the parent neoplasm. The current
data, especially studies focused on isolated tumor cells,

Table 1. Steps in the metastatic process

Step Description

1 After the initial transforming event, the growth of neoplastic cells is progressive and frequently slow;
2 Vascularization is required for a tumor mass to exceed a 1- to 2-mm diameter (200, 201), and the synthesis and secretion

of angiogenesis factors has a critical role in establishing a vascular network within the surrounding host tissue (201);
3 Local invasion of the host stroma by tumor cells can occur by multiple mechanisms, including, but not limited to,

thin-walled venules and lymphatic channels, both of which offer little resistance to tumor cell invasion (202);
4 Detachment and embolization of tumor cell aggregates, which may be increased in size via interaction with

hematopoietic cells within the circulation;
5 Circulation of these emboli within the vascular; both hematologic and lymphatic;
6 Survival of tumor cells that trafficked through the circulation and arrest in a capillary bed;
7 Extravasation of the tumor embolus, by mechanisms similar to those involved in the initial tissue invasion;
8 Proliferation of the tumor cells within the organ parenchyma resulting in a metastatic focus;
9 Establish vascularization, and defenses against host immune responses; and
10 Reinitiate these processes for the development of metastases from metastases.

Figure 3. The process of cancer metastasis consists of sequential, interlinked, and selective steps with some stochastic elements. The outcome of
each step is influenced by the interaction of metastatic cellular subpopulations with homeostatic factors. Each step of the metastatic cascade is potentially
rate limiting such that failure of a tumor cell to complete any step effectively impedes that portion of the process. Therefore, the formation of clinically
relevant metastases represents the survival and growth of selected subpopulations of cells that preexist in primary tumors.

Talmadge and Fidler

Cancer Res; 70(14) July 15, 2010 Cancer Research5654

Research. 
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at distant sites, suggesting immune tolerance in this class of tumour-
bearing hosts. A more recent example of this mechanism of systemically 
induced immunological tolerance comes from work using the transgenic 
HER2/neu model of mouse mammary carcinogenesis91.

Research using the 4T1 mouse model of murine mammary adeno-
carcinoma revealed that tumour-derived G-CSF mobilized neutrophils 
into the circulation, which played a pro-metastatic role by creating an 
immunosuppressive microenvironment at metastatic sites92. However, 
the influence of this pro-metastatic mechanism on the success of lung 
colonization by 4T1 mouse breast cancer cells remains unresolved in 
light of other work that used the same mouse model to show that 
although tumour-derived G-CSF induced neutrophil mobilization 
into the circulation, these neutrophils instead played an anti-meta-
static role93. Specifically, mammary-tumour-derived CCL2 rendered 
G-CSF-mobilized neutrophils cytotoxic, such that after accumulating 
in the lungs, they inhibited metastatic colonization. Such cytotoxic 
tumour-entrained neutrophils were also found in the peripheral blood 
of breast cancer patients before surgical resection, but not in cancer-
free individuals93. It is possible that the particular cell-surface markers 
used to characterize and isolate neutrophil populations in these studies 
account for the differences in observed outcomes. Insights into these 
considerations are provided by experiments showing that among the 
Gr1+ cells that were recruited to the premetastatic lungs, the mono-
cytic and not the neutrophil subpopulation contributed to metastatic 
colonization94. These findings point to the fact that the heterogene-
ity and plasticity of certain haematopoietic populations, particularly 
neutrophils, are an important consideration when studying tumour-
modulating systemic events.

Systemic effects on angiogenesis at metastatic sites
Studies of a form of pro-angiogenic signalling that takes place between 
pairs of distantly located tumours (a process that was termed systemic 
instigation36) revealed different mechanisms of systemic influence on 
metastatic colonization23,89,95. One set of experiments using xenografted 
cell lines and primary tumour specimens from patients with luminal 
breast cancer or clear cell renal cell carcinoma showed that platelets act 
as a long-range delivery system between aggressively growing tumours 
and otherwise-indolent clusters of tumour cells at distant sites96. In this 
study, certain human luminal breast cancers (LBCs) mobilized pro-
angiogenic VEGFR2+ BMCs from the bone marrow and secreted pro-
angiogenic cytokines that were taken up by circulating platelets. When 
otherwise-indolent breast tumour cells or primary renal cell carcinoma 
specimens, which were unable to undergo angiogenesis or proliferate 
on their own, were implanted at sites distant from these LBC tumours, 
pro-angiogenic BMCs and platelets converged on them, promoting their 
growth into highly vascularized, rapidly proliferating tumours. In these 
experiments, circulating platelets produced by mice bearing the human 
LBC tumour xenografts were found to carry bioactive human cytokines, 
which included VEGF, TGF-β1, PDGF-BB, PlGF, IL-6 and CXCL1, 
among others96. This finding is in agreement with earlier studies dem-
onstrating that platelets are capable of taking up factors secreted by breast 
tumour cells in vitro97 and glioma and prostate tumour cells in vivo98. 
Although this work showed that the cognate receptors for some of these 
signalling molecules were activated within the TME (ref. 96), it has not 
yet been established conclusively that the bioactive cytokines acquired in 
primary tumours by the platelets are delivered to distantly located nests 
of tumour cells. Thus, although a large body of literature has described 

Systemic regulation of colonization
(’systemic instigation’)

Systemic regulation of extravasation
(establishing the ‘pre-metastatic niche’)
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Figure 2 Mechanisms of systemic regulation of metastatic tumour cell 
extravasation and colonization. (a) ‘Pre-metastatic niches’ are thought to 
form as a consequence of tumour-derived systemic factors that alter the 
tissue parenchyma of organs at distant sites, for example by extracellular 
matrix remodelling and activating resident tissue fibroblasts, as well as 
mobilizing bone-marrow-derived cells that subsequently incorporate into the 
parenchyma of these tissues. These niches are thus amenable to recruitment 
and extravasation of circulating metastatic tumour cells. Importantly, some 
tumour models have also revealed inhibitory factors that accumulate at 
pre-metastatic sites. (b) Circulating factors and bone-marrow-derived cells 
can affect disseminated micrometastases that would otherwise remain 
indolent, thus promoting their subsequent colonization into macroscopic 

metastases. For example, some reports have demonstrated promotion of 
vascularization by recruitment of pro-angiogenic bone-marrow-derived cells 
and platelets. Conversely, primary-tumour-derived anti-angiogenic factors 
have been reported to inhibit outgrowth of distant metastases. Other reports 
have revealed molecular mechanisms by which metastatic colonization 
is promoted by bone-marrow-derived cells that directly promote tumour 
cell proliferation and/or activation of tissue fibroblasts. Processes that 
affect colonization are represented in blue text, pro-tumorigenic factors 
are represented in green text, and tumour inhibitory factors are shown in 
red text. Solid arrows indicate activation or translocation of cell types and 
molecules and dashed arrows represent secretion of molecules. For labelling 
key of cell types, see Fig. 1a.
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Tumören kan ses som ett organ

Olika celler i en tumör
• Tumörceller
• Stamceller
• Endotelceller
• Pericyter
• Fibroblaster
• Immunceller

have been portrayed as reasonably homogeneous cell popula-
tions until relatively late in the course of tumor progression,
when hyperproliferation combined with increased genetic
instability spawn distinct clonal subpopulations. Reflecting
such clonal heterogeneity, many human tumors are histopatho-
logically diverse, containing regions demarcated by various
degrees of differentiation, proliferation, vascularity, inflamma-
tion, and/or invasiveness. In recent years, however, evidence
has accumulated pointing to the existence of a new dimension
of intratumor heterogeneity and a hitherto-unappreciated
subclass of neoplastic cells within tumors, termed cancer stem
cells (CSCs).

Although the evidence is still fragmentary, CSCs may prove to
be a common constituent of many if not most tumors, albeit
being present with widely varying abundance. CSCs are defined
operationally through their ability to efficiently seed new tumors
upon inoculation into recipient host mice (Cho and Clarke, 2008;
Lobo et al., 2007). This functional definition is often comple-
mented by including the expression in CSCs of markers that
are also expressed by the normal stem cells in the tissue-of-
origin (Al-Hajj et al., 2003).

CSCs were initially implicated in the pathogenesis of hemato-
poietic malignancies (Reya et al., 2001; Bonnet and Dick, 1997)
and then years later were identified in solid tumors, in particular
breast carcinomas and neuroectodermal tumors (Gilbertson and
Rich, 2007; Al-Hajj et al., 2003). Fractionation of cancer cells on
the basis of displayed cell-surface markers has yielded subpop-
ulations of neoplastic cells with a greatly enhanced ability, rela-
tive to the corresponding majority populations, to seed new
tumors upon implantation in immunodeficient mice. These

Figure 4. The Cells of the Tumor Microenviron-
ment
(Upper) An assemblage of distinct cell types constitutes
most solid tumors. Both the parenchyma and stroma of
tumors contain distinct cell types and subtypes that
collectively enable tumor growth and progression.
Notably, the immune inflammatory cells present in tumors
can include both tumor-promoting as well as tumor-killing
subclasses.
(Lower) The distinctive microenvironments of tumors. The
multiple stromal cell types create a succession of tumor
microenvironments that change as tumors invade normal
tissue and thereafter seed and colonize distant tissues.
The abundance, histologic organization, and phenotypic
characteristics of the stromal cell types, as well as of the
extracellular matrix (hatched background), evolve during
progression, thereby enabling primary, invasive, and then
metastatic growth. The surrounding normal cells of the
primary and metastatic sites, shown only schematically,
likely also affect the character of the various neoplastic
microenvironments. (Not shown are the premalignant
stages in tumorigenesis, which also have distinctive
microenvironments that are created by the abundance
and characteristics of the assembled cells.)

often-rare tumor-initiating cells proved to share
transcriptional profiles with certain normal
tissue stem cell populations, motivating their
designation as stem-like.
The origins of CSCs within a solid tumor have

not been clarified and indeedmaywell vary from
one tumor type to another. In some tumors, normal tissue stem
cells may serve as the cells-of-origin that undergo oncogenic
transformation to yield CSCs; in others, partially differentiated
transit-amplifying cells, also termed progenitor cells, may suffer
the initial oncogenic transformation thereafter assuming more
stem-like character. Once primary tumors have formed, the
CSCs, like their normal counterparts, may self-renew as well
as spawn more differentiated derivatives; in the case of
neoplastic CSCs, these descendant cells form the great bulk of
many tumors. It remains to be established whether multiple
distinct classes of increasingly neoplastic stem cells form during
inception and subsequent multistep progression of tumors, ulti-
mately yielding the CSCs that have been described in fully devel-
oped cancers.
Recent research has interrelated the acquisition of CSC traits

with the EMT transdifferentiation program discussed above
(Singh and Settleman, 2010; Mani et al., 2008; Morel et al.,
2008). Induction of this program in certain model systems can
induce many of the defining features of stem cells, including
self-renewal ability and the antigenic phenotypes associated
with both normal and cancer stem cells. This concordance
suggests that the EMT program not onlymay enable cancer cells
to physically disseminate from primary tumors but also can
confer on such cells the self-renewal capability that is crucial
to their subsequent clonal expansion at sites of dissemination
(Brabletz et al., 2005). If generalized, this connection raises an
important corollary hypothesis: the heterotypic signals that
trigger an EMT, such as those released by an activated, inflam-
matory stroma, may also be important in creating and maintain-
ing CSCs.

662 Cell 144, March 4, 2011 ª2011 Elsevier Inc.
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the importance of platelets during tissue remodelling and wound heal-
ing99, the selective release of platelet bioactive cargo100 and the ability of 
platelets to help cancer cells to metastasize101, their role as conveyors of 
systemic signals is only beginning to be appreciated. In contrast to these 
pro-angiogenic systemic mechanisms, early studies using mouse cell lines 
and human tumour cell line xenografts indicated that certain primary 
tumours can suppress the outgrowth of distant metastases by secreting 
anti-angiogenic factors, such as endostatin and angiostatin102.

Systemic promotion of the metastatic tumour microenvironment
As described, certain triple-negative breast cancers release OPN into 
the circulation to render haematopoietic cells in the bone marrow pro-
tumorigenic36. These activated BMCs were capable of travelling not 
only to primary tumours, but also to otherwise-indolent tumours at 

distant sites, and to weakly metastatic disseminated tumour cells in 
the lungs, thereby acting as the primary mediators of systemic instiga-
tion. Subsequent research demonstrated that these pro-tumorigenic 
BMCs secreted elevated levels of the growth factor granulin (GRN)103 
in the marrow before their mobilization as well as within the tumour 
microenvironment following their recruitment to microscopic nests of 
tumour cells37,104. After entering the TME, GRN activated resident mam-
mary fibroblasts, causing them to adopt a CAF phenotype associated 
with expression of pro-inflammatory and matrix-remodelling genes 
that further support tumour progression37. A complementary study 
using a mouse model of squamous skin carcinogenesis demonstrated 
that CAFs expressing many of the same factors (including CXCL2, IL-6, 
IL-1β, IL-8, Cox-2, CCL2 and CXCL3) promoted the recruitment of 
circulating inflammatory cells to the tumour site105. Ultimately this 
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Figure 3 Tumour-driven pathophysiological processes underlying cancer 
progression. Tumour-mediated events are depicted in space and time in a 
counter-clockwise fashion beginning with the initiating tumour. Although this 
cascade of events is represented in a unified fashion, it is clear that tumours 
from different cancer types employ different systemic tumour-promoting 
mechanisms that thus far seem to be context- and tissue-specific. In some 
cases, initiating tumours secrete cytokines into the circulation that cause 
mobilization of haematopoietic cells from distant organs; these cells can 
then contribute to pre-metastatic niche formation and/or promote metastatic 

colonization. In other cases, initiating-tumour-derived cytokines seem to 
directly affect growth of metastatic colonies at distant anatomical sites. 
In yet other cases, initiating-tumour-derived cytokines can be carried by 
circulating microvesicles or platelets, which serve as transporters of these 
cytokines to distant tissues or metastatic sites. Processes are represented in 
blue text, pro-tumorigenic factors are represented in green text, and  tumour 
inhibitory factors are shown in red text. Solid arrows indicate activation 
or translocation of cell types and molecules and dashed arrows represent 
secretion of molecules. For labelling key of cell types see Fig. 1a.
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Nya	biomarkörer hägrar

• Från analys av enstaka
markörer till	analys av
flera i klinisk rutin:

• expressionsmicroarray
• next	gen	sequencing
• proteomik
• metabolomik

• Stora krav på bio-
informatisk kompetens!

• Radiologiska metoder
• FMRI?	PET?
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BACKGROUND
The 70-gene signature test (MammaPrint) has been shown to improve prediction of 
clinical outcome in women with early-stage breast cancer. We sought to provide prospec-
tive evidence of the clinical utility of the addition of the 70-gene signature to standard 
clinical–pathological criteria in selecting patients for adjuvant chemotherapy.
METHODS
In this randomized, phase 3 study, we enrolled 6693 women with early-stage breast cancer 
and determined their genomic risk (using the 70-gene signature) and their clinical risk (using 
a modified version of Adjuvant! Online). Women at low clinical and genomic risk did not re-
ceive chemotherapy, whereas those at high clinical and genomic risk did receive such therapy. 
In patients with discordant risk results, either the genomic risk or the clinical risk was used 
to determine the use of chemotherapy. The primary goal was to assess whether, among pa-
tients with high-risk clinical features and a low-risk gene-expression profile who did not re-
ceive chemotherapy, the lower boundary of the 95% confidence interval for the rate of 5-year 
survival without distant metastasis would be 92% (i.e., the noninferiority boundary) or higher.
RESULTS
A total of 1550 patients (23.2%) were deemed to be at high clinical risk and low ge-
nomic risk. At 5 years, the rate of survival without distant metastasis in this group was 
94.7% (95% confidence interval, 92.5 to 96.2) among those not receiving chemotherapy. 
The absolute difference in this survival rate between these patients and those who re-
ceived chemother apy was 1.5 percentage points, with the rate being lower without chemo-
therapy. Similar rates of survival without distant metastasis were reported in the subgroup 
of patients who had estrogen-receptor–positive, human epidermal growth factor receptor 
2–negative, and either node-negative or node-positive disease.
CONCLUSIONS
Among women with early-stage breast cancer who were at high clinical risk and low 
genomic risk for recurrence, the receipt of no chemotherapy on the basis of the 70-gene 
signature led to a 5-year rate of survival without distant metastasis that was 1.5 percent-
age points lower than the rate with chemotherapy. Given these findings, approximately 
46% of women with breast cancer who are at high clinical risk might not require chemo-
therapy. (Funded by the European Commission Sixth Framework Program and others; 
ClinicalTrials.gov number, NCT00433589; EudraCT number, 2005-002625-31.)
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70-Gene Signature as an Aid to Treatment Decisions  
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• 6693	patienter inkluderade
• Riskstratifierade med	

mammaprint och adjuvant	
online.

• Endast 1,5%	högre recidivrisk
utan kemo i den	genetiska
lågriskgruppen.

• Kanske kan antalet patienter
som erbjuds adjuvant	
behandling minskas?

Van	´t	Veer,	NEJM	2015
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The majority of localized cancers can be cured by surgery 
alone, without any systemic therapy (1). Once distant metas-
tasis has occurred, however, surgical excision is rarely cura-
tive. One major goal in cancer research is therefore the 
detection of cancers before they metastasize to distant sites. 
For many adult cancers, it takes 20 to 30 years for incipient 
neoplastic lesions to progress to late-stage disease (2–4). Only 
in the last few years of this long process do neoplastic cells 
appear to successfully seed and give rise to metastatic lesions 
(2–5). Thus, there is a wide window of opportunity to detect 

cancers prior to the onset of metastasis. Even when metasta-
sis has initiated but is not yet evident radiologically, cancers 
can be cured in up to 50% of cases with systemic therapies, 
such as cytotoxic drugs and immunotherapy (6–9). Once 
large, metastatic tumors are formed, however, current thera-
pies are rarely effective (6–9). 

The only widely used blood test for earlier cancer detec-
tion is based on measurement of prostate specific antigen 
(PSA), and the proper use of this test is still being debated 
(10). The approved tests for cancer detection are not blood-
based, and include colonoscopy, mammography, and cervical 

Detection and localization of surgically resectable cancers 
with a multi-analyte blood test 
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Earlier detection is key to reducing cancer deaths. Here we describe a blood test that can detect eight 
common cancer types through assessment of the levels of circulating proteins and mutations in cell-free 
DNA. We applied this test, called CancerSEEK, to 1,005 patients with non-metastatic, clinically detected 
cancers of the ovary, liver, stomach, pancreas, esophagus, colorectum, lung, or breast. CancerSEEK tests 
were positive in a median of 70% of the eight cancer types. The sensitivities ranged from 69% to 98% for 
the detection of five cancer types (ovary, liver, stomach, pancreas, and esophagus) for which there are no 
screening tests available for average-risk individuals. The specificity of CancerSEEK was > 99%: only 7 of 
812 healthy controls scored positive. In addition, CancerSEEK localized the cancer to a small number of 
anatomic sites in a median of 83% of the patients. 
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Fig. 2. Performance of 
CancerSEEK. (A) Receiver 
operator characteristic (ROC) 
curve for CancerSEEK. The red 
point on the curve indicate the 
test’s average performance (62%) 
at > 99% specificity. Error bars 
represent 95% confidence 
intervals for sensitivity and 
specificity at this particular point. 
The median performance among 
the 8 cancer types assessed was 
70%, as noted in the main text. (B) 
Sensitivity of CancerSEEK by 
stage. Bars represent the median 
sensitivity of the eight cancer types 
and error bars represent standard 
errors of the median. (C) 
Sensitivity of CancerSEEK by 
tumor type. Error bars represent 
95% confidence intervals.  
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Analys av åtta proteiner
kombinerat med	cfDNA i blod

Hög specificitet (>99%)	och god	
sensitivitet på 73%	för kliniskt
diagnosticerad cancer

Hur förändrar det vår vardag?

Cohen	et	al	Science	2018

therapies. For example, the deployment of apoptosis-inducing
drugs may induce cancer cells to hyperactivate mitogenic
signaling, enabling them to compensate for the initial attrition
triggered by such treatments. Such considerations suggest
that drug development and the design of treatment protocols
will benefit from incorporating the concepts of functionally
discrete hallmark capabilities and of the multiple biochemical
pathways involved in supporting each of them. Thus, in partic-
ular, we can envisage that selective cotargeting of multiple
core and emerging hallmark capabilities and enabling character-
istics (Figure 6) in mechanism-guided combinations will result in
more effective and durable therapies for human cancer.

CONCLUSION AND FUTURE VISION

We have sought here to revisit, refine, and extend the concept of
cancer hallmarks, which has provided a useful conceptual
framework for understanding the complex biology of cancer.

The six acquired capabilities—the hallmarks of cancer—have
stood the test of time as being integral components of most
forms of cancer. Further refinement of these organizing princi-
ples will surely come in the foreseeable future, continuing the
remarkable conceptual progress of the last decade.
Looking ahead, we envision significant advances during the

coming decade in our understanding of invasion andmetastasis.
Similarly, the role of aerobic glycolysis in malignant growth will
be elucidated, including a resolution of whether this metabolic
reprogramming is a discrete capability separable from the core
hallmark of chronically sustained proliferation. We remain
perplexed as to whether immune surveillance is a barrier that
virtually all tumors must circumvent, or only an idiosyncrasy of
an especially immunogenic subset of them; this issue too will
be resolved in one way or another.
Yet other areas are currently in rapid flux. In recent years, elab-

orate molecular mechanisms controlling transcription through
chromatin modifications have been uncovered, and there are

Figure 6. Therapeutic Targeting of the Hallmarks of Cancer
Drugs that interfere with each of the acquired capabilities necessary for tumor growth and progression have been developed and are in clinical trials or in some
cases approved for clinical use in treating certain forms of human cancer. Additionally, the investigational drugs are being developed to target each of the
enabling characteristics and emerging hallmarks depicted in Figure 3, which also hold promise as cancer therapeutics. The drugs listed are but illustrative
examples; there is a deep pipeline of candidate drugs with different molecular targets and modes of action in development for most of these hallmarks.

668 Cell 144, March 4, 2011 ª2011 Elsevier Inc.

Nya	behandlingsmål hägrar

Hanahan &	Weinberg	Cell	2011
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Sammanfattning

• Cancercellen har förvärvat ett antal egenskaper
som tillåter tillväxt,	migration	och metastasering

• Stromala cellers normala biologiska funktioner
utnyttjas av cancercellen

• Med	ökade kunskaper i tumörbiologi har fått en
snabb utveckling av våra möjligheter att
diagnosticera och behandla cancer

• Kan vi	förvänta oss målstyrd symtomlindring i	
framtiden?


