
Improved glucocorticoid therapy Field of the invention The present
invention relates to improved glucocorticoid therapy and to treatment or
prevention of a number of disorders that are due to a diminished or
disrupted endogenous glucocorticoid secretory pattern. The invention is
based on the findings that producing a specific serum Cortisol time profile
that mimics the circadian rhythm of Cortisol of a healthy subject in a
subject suffering from a diminished or disrupted glucocorticoid secretory
pattern gives benefits with respect to reduction of side-effects.
Introduction Glucocorticoids (GC) are important steroids for intermediary
metabolism, immune function, musculoskeletal function, connective tissue
and brain function. GC deficiency occurs in adrenal insufficiency (Al)
which can be primary (Addison's disease), secondary (central) due to
hypopituitarism. The outcome of GC replacement therapy has been considered
satisfactory ( 1) until recently. Patients with hypopituitarism have double
the standardised mortality rate (SMR) (2, 3) and young adults with
hypopituitarism and concomitant Al have more than 7-fold the expected
mortality rate (4). Moreover, patients with Addison's disease have also
been shown to have more than doubled the SMR (5, 6). A possible explanation
for this increased mortality rate is an inappropriate GC replacement
therapy; that is, both too high maintenance doses and inadequate
glucocorticoid exposure in response to stress and concurrent illnesses.
Thorough re-evaluations of patients receiving GC replacement therapy have
revealed that doses are too high and can be reduced in a majority of
patients (7). It is likely that many patients are receiving overly high
oral doses delivered with an unphysiological plasma concentration-time
profile. Pattern of delivery of conventional hydrocortisone tablets have
been shown to affect well-being and also if hydrocortisone is delivered
with an infusion pump in order to mimic the physiological circadian
Cortisol profile well being is improved (10, 11). The estimated daily
Cortisol production rate in normal subjects varies in recent studies
between 9 and 11 mg/m2 per day (corresponding to approximately 15.5-19 mg
per day in an average adult subject) (14, 15). This is much lower than the
replacement dose of hydrocortisone currently being used (16, 17). Studies
have therefore been performed with the objective to see the metabolic
effects of reducing the daily dose ofhydrocortisone but delivered in the
same pattern with conventional hydrocortisone tablets. In a study performed
to optimise dose of hydrocortisone 24/32 patients required a dose reduction
from a mean dose of 29.5  1.2 mg (SEM) to 20.8  1.0 mg and 18/32 required a
change in dose regimen (BID to TID) (18). After 2.3 to 6.8 months
re-evaluation demonstrated an increase in serum concentration of
osteocalcin, a bone formation marker (16.7 to 19.9 mg/L, p<0.01). In
another carefully performed trial, effects of a dose reduction from 30 to
15 mg of daily hydrocortisone on cardiovascular function was studied (19).
Before dose reduction and after 3 months of the reduced hydrocortisone dose
24-hour ambulatory blood pressure, erect and supine blood pressure,
echocardiography, forearm pletysmography and cardiovascular reflexes in
response to tilt, valsalva and isometric hand grip were studied. The dose
reduction was well tolerated, but there were no change in body weight or
any of the cardiovascular functional variables studied. Another small study
reduced the dose of hydrocortisone on average by 50% in 11 patients with
secondary adrenal insufficiency (20). Of some concern in this trial was a
dose reduction to 10 per day of hydrocortisone in 4 out of 11 patients,
which could have been too low. Also the patients included were obese with
an average BMI greater than 30 kg/m2. During a follow-up of 6-12 months
later body weight had reduced by on average 7.1 kg and BMI had reduced from
3 1.5  1.1 to 29.4  1.0 kg/m2. Fasting glucose and insulin levels were
unaffected by this large reduction in daily hydrocortisone replacement
dose. Studies that have reduced the daily dose of hydrocortisone ranging
from 30-50% without changing pattern of delivery may affect body weight and
bone metabolism, but apparently does not affect blood pressure or glucose
metabolism (12, 13). Description of the invention There is still a need for
developing glucocorticoid regimens with improved side-effect patterns. The
present invention is a further development of the Applicant's proprietary
technology described in WO 2005/102271 , which is incorporated herein by
reference. WO 2005/102271 describes pharmaceutical compositions that
contain i) a part of a glucocorticoid for immediate release and ii) a part
of a glucocorticoid for extended release. The composition is intended to be
administered by the oral route in the morning and to mimic the circadian
rhythm of Cortisol in the plasma. Especially compositions are described
that contain 15-50% w/w of the glucocorticoid content in the immediate
release part and the remaining part in the extended release part of the
composition. A clinical trial with such a composition has surprisingly
revealed that asubstantial reduction in side-effects is obtained if a
dosage regimen is used that mimic the circadian rhythm of Cortisol.
Accordingly, besides a more compliant regimen further advantages are
obtained cf. below. Moreover, the results strongly indicate that
disturbances of the circadian rhythm (e.g. transient disturbances) of
Cortisol, such as e.g. stress conditions etc. may be alleviated or
eliminated by re-establishing the normal circadian rhythm of the subject by
administering to the subject a composition that lead to a plasma Cortisol
concentration-time profile that mimics that of a normal healthy subject.
The present invention provides a method for reducing one or more
side-effects of glucocorticoid therapy, the method comprising administering
to a subject with diminished or disrupted endogenous glucocorticoid
secretory pattern effective amount 



of one or more glucocorticoids. More specifically, the dosing of the
glucocorticoid and the delivery system employed must ensure that the
circadian plasma concentrationtime profile of Cortisol after administration
of one or more glucocorticoids mimics that of a healthy subject. As seen
from the Examples herein and the definition below, the term "mimic" means
that the following Cortisol profile target criteria are fulfilled at least
for 40% or more of the subjects tested, preferably for 50% or more of the
population tested: Criteria 1: clinically significant plasma Cortisol
concentration (>200 nmol/L) within 30 minutes after administration (i.e.
within 6.30 am when dose administration is at 6 am) Criteria 2: A maximal
plasma concentration in the range 500-800 nmol/L within 4 hours after
administration (i.e. within 10 am) Criteria 3: Plasma concentration of
50-200 nmol/L at 12-18 hours after administration (i.e. from 6 pm to 12 pm)
Criteria 4: Plasma concentrations below 50 nmol/L at 18-24 hours after
administration (i.e. from 0 am to 6 am). In general, criteria 1 is
fulfilled for 80% or more of the subjects tested, such as 90% or more, 95%
or more or all of the subjects tested. Criteria 2 is normally fulfilled for
65% or more of the subjects tested, such as 75% or more, 80% or more or 85%
or more of the subjects tested. Criteria 3 is generally fulfilled for 75%
or more of the subjectstested, such as 85% or more, 90% or more or 95% or
more of the subjects tested. Criteria 4 is more difficult to fulfill as the
present study has shown that 1/6-1/7 of chronic adrenal insufficiency
patients have low levels of residual Cortisol production. Generally,
criteria 4 is fulfilled for 40% or more of the subjects tested, such as 45%
or more, 50% or more, 55% or more or 60% or more. The present invention is
based on an observed link between re-establishing the normal circadian
rhythm of Cortisol and reduction of the side-effects that normally are seen
with glucocorticoid therapy. Accordingly, although the clinical studies
reported herein are based on a specific pharmaceutical formulation for oral
administration once daily, it is envisaged that any glucocorticoid
formulation that makes it possible to re-establish the normal circadian
rhythm of Cortisol has the advantages claimed. Accordingly, the
administration route may be different from the oral route, the formulation
may be designed to be administered other than once daily (e.g. twice daily)
and the clock time for administration may also be different from 6 am
provided that the criteria set forth above are fulfilled with respect to
clock times. Moreover, the following definitions are used herein.
Definitions The term "reduction of side-effect(s)" is intended to relate to
a comparison with best standard therapy. The reduction of side effects may
be observed as a reduction in the severity of a specific side-effect and/or
it may be observed as reduction in the incidence and prevalence of
side-effects. More specifically, side-effects relating to excess
glucocorticoids include weight gain with an increase in fat mass with
predominantly an abdominal distribution. Accordingly, a reduction in this
specific sideeffect can be expressed as less increase in weight gain or
less increase in fat mass. Moreover, increased blood pressure and impaired
glucose metabolism is associated with excess glucocorticoid exposure.
Reduced bone mineral content and bone mineral density is also associated
with excess glucocorticoids, which is seen together with reduced serum bone
formation markers. The term "standard therapy" as used in the present
context is intended to denote a therapy involving oral administration three
times daily of a glucocorticoid-containing composition, wherein the
composition is a conventional tablet composition with immediate release of
the glucocorticoid. Accordingly, the term "standard therapy" doesnot
include treatment with e.g. a controlled release composition or treatment
with e.g. a combination of a controlled release composition and an
immediate release composition. With hydrocortisone as an example, standard
therapy is suitable carried out using Cortef(r) (Pfizer), Hydrocorton (r)
(Merck), Hydrocortisone (generic e.g. MSD Nycomed, Teva, Auden McKenzie).
The term "diminished or disrupted glucocorticoid secretory pattern" is
well-defined in the situation of primary, secondary and tertiary adrenal
insufficiency where peak morning plasma Cortisol levels are below the
normal range. Patients with adrenal insufficiency also have a reduced peak
plasma Cortisol response to a stimulation test such as the insulin
tolerance test and the short Synacten (r) (synthetic adrenocorticotropic
hormone) stimulation test. The glucocorticoid secretory pattern is
disrupted when the peak morning plasma Cortisol levels are reduced and/or
the through levels around midnight are elevated leading to a less marked
difference between the highest peak and the lowest through over 24 hours
i.e. a flattened circadian variation as compared with what is seen in
healthy subjects (see Fig. 12). The term "glucocorticoid' means any steroid
or steroid analog the can bind and activate the glucocorticoid receptor
both through its genomic and non-genomic pathway. The term "circadian
plasma concentration of Cortisol" means that the Cortisol concentration
during day and night follows that of a healthy subject measured using an
immunoassay in either serum or plasma. The term "mimics" means that the
specified regimen mimics the circadian secretion pattern of Cortisol and
more specifically replace the daytime Cortisol secretion; high morning
plasma concentrations with slowly reduction in the plasma concentration
throughout the day and with low nighttime plasma Cortisol concentration.
Accordingly, the term "mimics" has its ordinary meaning that is to
resemble, simulate, approximate, follow or impersonate, but not replicate
exactly or precisely. See also the discussion 



above.The term "once daily" means that administration takes place only one
time during the day. The administration may include more than one
composition and more than one administration route. Preferably, the one or
more oral dosage forms are administered (such as one or more single-unit
tablet formulation). The daily administration time is preferably at the
same time of the day (within 0.5 - 1.5 hours variation). The term "gain of
weight' means an increase in body weight. The term "increase in
cardiovascular risk factors" means an increase in or worsening of
cardiovascular risk by changes in conventional risk factors such as
systolic and diastolic blood pressure, lipid and carbohydrate homeostasis
etc. The term "increase in bone degradation" means a reduction in
circulating bone formation markers and/or an increase in bone resorption
marker that eventually results in loss of bone mineral content and bone
mineral density leading to increased fracture risk. The term "metabolic
risk factors" means risks that are linked to the metabolic syndrome. The
metabolic syndrome is defined by the presence of a number of clinical
symptoms that include type 2 diabetes plus at least 2 of the following:
Abdominal obesity, hypertriglyceridemia, low HDL cholesterol, high blood
pressure or medication use, high fasting glucose or medication use for
diabetes mellitus.; it is only treatable by the use of agents that treat
some of these symptoms. The term " composite risk index" as used herein is
intended to denote a prognostic risk index for morbidity and/or mortality
that is composed of several different variables ie two or more, such as
those described above for cardiovascular and metabolic risk factrs but not
limited to them. The term "statistically significant" means that a value of
p<0.05 is obtained when a statistically relevant method is used. The term
"subject" means a mammalian subject including dogs, cats and horses.
Preferred subjects are humans.The term "subject with sufficient adrenal
capacity" means a subject who has not adrenal insufficiency - see above.
The term "circadian rhythm sleep disorders" is used accordingly to ICSD-2
classification (international classification of sleep disorders). The term
"immediate release" is generally used in accordance with the regulatory
term for conventional, ordinary or plain tablets. The regulatory term for
all release-controlled or release-modified tablets is "modified release".
In those cases where a distinguish is made between tablets, which are
conventional tablets without any release-modfying characteristics and
those, which may have enhanced release characteristic, the conventional
tablets are without enhanced, controlled or modified release
characteristics. The term "cortisone" includes "cortisone acetate" As
mentioned above, the present invention provides an improved glucocorticoid
therapy with marked reduction in side-effects. In accordance with the
clinical study reported herein, the reduction of side-effect(s) is
determined by comparing 12 weeks of treatment that leads to a Cortisol
plasma concentration-time profile, which mimics that of a healthy subject,
with 12 weeks of treatment three times daily with the same glucocorticoid
in a conventional dosage form, and the total daily dose being the same in
the two treatment regimens. A conventional dosage form is typically a
tablet formulation that fulfils pharmacopoeia requirements with respect to
mass variation, dosage variation, disintegration, hardness etc. Thus, it is
a tablet formulation that is designed to disintegrate in the stomach, to
release the glucocorticoid from the disintegrated tablet thus making it
readily available for absorption in the Gl tract. Suitable examples include
Cortef(r) (Pfizer), Hydrocorton (r) (Merck), Hydrocortisone (generic e.g.
MSD, Nycomed, Teva, Auden McKenzie). In the examples herein are given an
example, where the treatment that leads to a Cortisol plasma
concentration-time profile, which mimics that of a healthy subject, is a
treatment once daily with an oral dosage form. Under the heading
"Pharmaceutical compositions" more details are given with respect to
compositions that have the desired properties with respect to mimicking the
circadian rhythm of Cortisol after administration.With respect to number of
subjects involved to determine a reduction of side-effects, the reduction
of side-effect(s) may be determined in a test population of 12 or more
subjects with diminished or disrupted endogenous glucocorticoid secretory
pattern receiving said treatment that leads to a Cortisol plasma
concentration-time profile, which mimics that of a healthy subject, and in
a comparison population of 12 or more subjects with diminished
glucocorticoid secretory pattern receiving said three times daily treatment
with the same glucocorticoid in a conventional dosage form, and the total
daily dose being the same in the two treatment regimens. As seen from the
clinical study reported herein the benefits with respect to the following
side-effects have been observed: gain of weight, increase in cardiovascular
risk factors, increase in bone degradation, metabolic risk factors. The
reduction of one or more side-effect(s) or a composite risk index from such
factors is statistically significant. A person skilled in the art will know
which statistic method to employ for a given clinical study design and how
to compare the results. As appears from the examples herein, a comparison
has been made with respect to test treatment and baseline and test
treatment compared with conventional treatment. Baseline is at time of
first randomization. The reduction in side-effect(s) may include reduction
in metabolic risk factors indicative of future risk for diabetes mellitus
type 2. The metabolic risk factors may also be 



alterations in glucose metabolism that are known to be linked to
detrimental long-term prognosis such as increased HbAIc, fasting
insulin/glucose, microalbuminurea, reduced insulin sensitivity or disturbed
post-prandial glucose/lipid regulation etc. The reduction in side-effect(s)
may include reduction in insulin-treated diabetes mellitus (type I and / or
type II) side-effects such as microvascular degeneration in eyes
(macuolopathy), kidneys (microalbuminurea and consecutively progressive
diabetic nephropathy), peripheral limbs (ie diabetic ulcers), heart (acute
myocardial infarction, cardiomyopathies) as examples but not to be limited
by. Moreover, may the improvement in metabolic risk factors in
insulin-treated diabetes mellitus (type I and / or type II) consist of
lower daily insulin doses, fewer insulin administrations, lower glucose
fluctuations both pre and post meal and consecutively easier management of
insulintreated diabetes mellitus (type I and / or type II) and thus
improved compliance, wellbeing. Taken all together these improvements in
metabolic risk factors will also lead to reduced pharmacoeconomical cost,
both direct and indirect ones.In accordance with the results obtained in
the example reported herein the metabolic risk factors may be measured as a
reduction in HbAIc. Notably, the reduction may be 0.1% or more such as 0.3%
or more, or 0.5% or more after 12 weeks of treatment leading to a Cortisol
plasma concentration, which mimics that of a healthy subject, compared with
treatment three times daily with the same glucocorticoid in a conventional
dosage form, and the total daily dose is the same in the two treatments.
Moreover, the reduction in side-effect(s) includes reduction in weight gain
or reduction of body weight. In accordance with the results obtained in the
example reported herein the weight gain after 12 weeks of treatment leading
to a Cortisol plasma concentration, which mimics that of a healthy subject,
is reduced with at least 0.7 kg compared with treatment three times daily
with the same glucocorticoid in a conventional dosage form, and the total
daily dose is the same in the two treatments. The reduction in
side-effect(s) may also include reduction in cardiovascular risk factors
including one or more of the systolic blood pressure and the diastolic
blood pressure. In accordance with the results obtained in the example
reported herein the systolic blood pressure after 12 weeks treatment is
reduced with 5 mmHg or more compared with treatment three times daily with
the same glucocorticoid in a conventional dosage form, and the total daily
dose is the same in the two treatments. Also in accordance with the results
obtained in the example reported herein the diastolic blood pressure after
12 weeks treatment is reduced with 2 mmHg or more compared with treatment
three times daily with the same glucocorticoid in a conventional dosage
form, and the total daily dose is the same in the two treatments.
Furthermore, the reduction in side-effect(s) may include reduction in bone
degradation. In accordance with the results obtained in the example
reported herein the reduction in bone degradation may be determined by
measuring bone marker(s) for bone formation marker. The marker PINP may be
increased with at least 5% or more, such as 7% or more, or 10% or more
after 12 weeks of treatment compared with treatment three times daily with
the same glucocorticoid in a conventional dosage form, and the total daily
dose is the same in the two treatments.As seen from the results of the
clinical study reported herein, a marked improvement relating to reduction
of side-effect(s) is seen for subjects who also suffer from diabetes
mellitus such as diabetes mellitus type I or type Il with or without
insulin treatment. Please insert relevant description and elaborate re
advantages etc. The significant large reduction in HbAIc reflects a better
metabolic control in patients with diabetes mellitus. HbAIc is a strong
predictor of long-term outcome in patients with diabetes mellitus. The
subject may also be at increased cardiovascular risk due to presence of
cardiovascular risk factors such as hypertension, dyslipidemia, impaired
glucose metabolism, renal dysfunction or cardiovascular target organ due to
myocardial infarction, stroke or congestive heart failure. Especially for
such subjects, a method of the present invention is advantageous due to the
fact that body weight is reduced, both systolic and diastolic blood
pressure is reduced and HbAIc is reduced reflecting improved glucose
metabolism. Subjects with sufficient adrenal capacity Benefits may also be
achieved for subjects that suffer from a diminished or disrupted endogenous
glucocorticoid secretory pattern. The deviation of the Cortisol rhythm from
the normal rhythm may be transient, i.e. it may be re-established once the
disorder is alleviated. Thus, the present invention also provides a method
for treating or preventing a diminished or disrupted endogenous
glucocorticoid secretory pattern in a subject with sufficient adrenal
capacity, the method comprising administering an effective amount of a
glucocorticoid to said subject. The diminished or disrupted endogenous
glucocorticoid secretory pattern is associated with disturbed circadian
plasma Cortisol concentration-time profile of said subject. The disturbed
circadian plasma Cortisol concentration-time profile may arise from
hypothyroidism, depression, sleep deprivation, insomnia, sleep
disturbances, adrenal fatigue syndrome, chronic fatigue syndrome, obesity,
tertiary adrenal insufficiency, circadian rhythm sleep disorders,
shift-work, jet-lag, obesity, cachexia or chronic stress. In such
situations, the daily dose of said glucocorticoid (expressed as
hydrocortisone equivalents) is from about 1 mg/70 kg bodyweight to about 10
mg/70 kg bodyweight, such as about 30 mg/70 kg bodyweight, such as about 5
mg/70 kg bodyweight or such as 2.5-10 mg/70 kg bodyweight. Such doses
enable the circadian plasmaconcentration of Cortisol after administration
of one or more glucocorticoids to mimic that of a healthy subject. All
details and particulars mentioned under the first method aspect apply
mutatis 



mutandis to this and other aspects of the present invention. Thus, present
invention relates to glucocorticoid-containing compositions for use in
methods of treatment for or reduction of side-effects generally observed
with glucocorticoid therapy. Moreover, the invention relates to use of one
or more glucocorticoids for the manufacture of a medicament for reduction
of side-effects generally observed with glucocorticoid therapy and wherein
the composition is administered once daily. Consequently, the invention
also enables methods for reducing side effects seen in standard
glucocorticoid therapy by administration of a glucocorticoid to a subject
in need thereof. Active substance In the present context, the term
"glucocorticoid" or "glucocorticosteroid" is intended to denote a
therapeutically, prophylactically and/or diagnostically active
glucocorticoid or a glucocorticoid that has physiologic effect. The term is
intended to include the glucocorticoid in any suitable form such as e.g. a
pharmaceutically acceptable salt, complex, solvate, ester, active
metabolites or prodrug thereof of in any physical form such as, e.g., in
the form of crystals, amorphous or a polymorphous form or, if relevant, in
any stereoisomer form including any enantiomeric or racemic form, or a
combination of any of the above. The glucocorticoid may be a synthetic
glucocorticoid. The one or more glucocorticoids contained in a composition
according to the invention is selected from the group consisting of
hydrocortisone, cortisone, prednisolone, prednisone, methylprednisone,
triamcinolone, paramethasone, betamethasone, dexamethasone,
fludrocortisone, budesonide, fluticasone, cortisone acetate, and
beclometasone including pharmaceutically acceptable esters, salts and
complexes thereof. As mentioned above, it is important to achieve a plasma
Cortisol concentration-time profile that mimics that of a healthy subject.
Accordingly, the one or more glucocorticoids may be presented in a suitable
delivery system such as a dosage form. Moreover, a part (first part) of the
glucocorticoid must be released from the deliverysystem faster than another
part (second part) in order to enable a fast appearance of the
glucocorticoid in the plasma (relating to the first part) followed by a
maintenance dose (extended release of the second part). The first and the
second part may be presented in the same formulation or in separate
formulations. In a preferred formulation, they are presented in the same
formulation, notably a single-unit formulation. Moreover, if they are
presented in separate formulations, the first and second formulation may be
designed to be administered by the same or different administration route.
These aspects are discussed further below. The one or more glucocorticoids
of the first and the second part may be the same glucocorticoid or a
mixture of the same glucocorticoids. Normally, this is the case as it is
easy from a manufacturing point of view in those cases where both the first
and the second part are parts of the same dosage form (e.g. the first and
second part are contained in a tablet and the first part is provided as a
coating or as a separate layer on a core containing the second part).
However, in those cases where the first and second part are not part of the
same dosage form (e.g. the first part is an effervescent tablet and the
second part is in the form of an extended release tablet) or in those cases
where an improved therapeutic result is expected when different
glucocorticoids are employed, the one or more glucocorticoids of the first
and the second part are different glucocorticoids or a mixture of different
glucocorticoids. As the first part of the glucocorticoid is intended for
immediate release, the release and/or absorption may take place already in
the oral cavity in the case the composition is administered orally. In such
cases, the glucocorticoid of choice for the first part may not be
hydrocortisone (as such) or cortisone as these two active substances have a
bitter taste. However, these substances may be employed provided that a
sufficient taste masking is obtained. In the paragraph relating to
"Pharmaceutically acceptable excipients" taste-masking is discussed in more
detail. Accordingly, the one or more glucocorticoids of the first part may
have an acceptable taste, may be tasteless or may be effectively
taste-masked. Examples of the one or more glucocorticoids of the first part
(as discussed above) are synthetic glucocorticoids such as, e.g.,
hydrocortisone 2 1-succinate, prednisolone, prednisone, methylprednisone,
triamcinolone, paramethasone, betamethasone, dexamethasone,
fludrocortisone, budesonide, fluticasone, cortisone acetate, and
beclometasone including pharmaceutically acceptable esters, salts and
complexesthereof. An especially suitable example is hydrocortisone or
hydrocortisone 21- succinate or a pharmaceutically acceptable salt thereof.
With respect to the second part, any of the above-mentioned glucocorticoids
may be employed. In a specific embodiment hydrocortisone is preferred.
Pharmaceutical compositions The present invention provides such
glucocorticoid-containing pharmaceutical compositions and kits that are
designed to release a first part of the glucocorticoid relatively fast in
order to enable a fast on-set of action and to release a second part of the
glucocorticoid in an extended manner in order to obtain a prolonged and
sustained effect of the glucocorticoid. Preferably, the compositions and
kits are designed for once daily administration. The glucocorticoid in the
first part may be enhanced released (i.e. faster than normal) or immediate
released. Accordingly, a pharmaceutical composition comprises one or more
glucocorticoids, wherein a first part of one or more glucocorticoids is
substantially immediately released and a second part of one or more
glucocorticoids is released over an extended period of time of at least
about 8 hours. 



Due to different potencies of the glucocorticoids, the term "hydrocortisone
equivalents" has been introduced. The term "hydrocortisone equivalents" is
used herein to define the amount in mg of a specific glucocorticoid that
corresponds to 1 mg of hydrocortisone for the purpose of systemic
glucocorticoid therapy as generally understood by medical practitioners.
The term is based on the fact that the individual glucocorticoids have
different potencies and in order to achieve a desired therapeutic effect
different doses of the individual glucocorticoids are required. Equivalent
doses of the glucocorticoids can be calculated based on the following
table.Accordingly, if the first part of the composition contains 1.5 mg
betamethasone (corresponding to 40 mg hydrocortisone) and the second part
of the composition contains 40 mg hydrocortisone, the total amount of
hydrocortisone equivalents in the composition corresponds to 80 mg
hydrocortisone. Accordingly, the first part contains 50% of the total
hydrocortisone equivalents of the composition. Assuming that the total
amount of the glucocorticoid in the first part is released within 1 hour in
the abovementioned dissolution test, the requirement with respect to
release of the glucocorticoid from the first part within the first 45 min
is that at least 25% of the total hydrocortisone equivalents are released.
The amount of the one or more glucocorticoids of the first part, expressed
as hydrocortisone equivalents, may be in a range of from about 15 to about
50%, notably from about 15% to about 35% or from about 20% to about 40%,
such as e.g. from about 25% to about 35%, of the total hydrocortisone
equivalents in the composition. This amount can be determined as the amount
released 1 hour after start of testing of the composition in an in vitro
dissolution test according to USP employing USP Dissolution Apparatus No. 2
(paddle), 50 rpm and simulated intestinal fluid without enzymes as
dissolution medium and a temperature of 37 0C. Normally, at least about 50%
of the hydrocortisone equivalents of the first part are released within the
first 45 min of the dissolution test. A pharmaceutical composition
according to the invention is suitably designed as a single composition
intended for oral administration once daily. Such a composition
isconvenient for the patient to take and is therefore a preferred aspect.
However, within the scope of the present invention a composition of the
invention may also be a dual composition, i.e. including two different
pharmaceutical forms, e.g. an extended release tablet to be ingested
together with an immediate release oral pharmaceutical formulation of a
glucocorticoid (or other suitable combinations). Such dual compositions are
normally provided in a single package such as a kit. Accordingly, a kit may
comprise i) a first component comprising one or more glucocorticoids, the
first component being designed for substantially immediately release of the
one or more glucocorticoids, ii) a second component comprising one or more
glucocorticoids, the second component being designed for extended release
of the one or more glucocorticoids, wherein at least about 50% of the one
or more glucocorticoids of the first component are released within the
first 45 min of a dissolution test employing USP Dissolution Apparatus No.
2 (paddle), 50 rpm and simulated intestinal fluid without enzymes as
dissolution medium. In the present context the term "extended release" is
intended to include all types of release which differ from the release
obtained from plain tablets and that provide a release during 8 hours or
more, which is a longer period of time than that obtained from plain
tablets. Thus, the term includes so-called "controlled release", "modified
release", "sustained release", "pulsed release", "prolonged release", "slow
release", "chronooptimized release" as well as the term "pH dependant
release". By using one or more glucocorticoids for immediate release and
one or more glucocorticoids for extended release in specific ratios, it has
been possible to mimic the circadian rhythm of Cortisol after
administration. Moreover, it may be envisaged that it is possible to lower
the daily dosage range required to obtain a suitable therapeutic effect
taking into consideration the general release profile differences in
individual patients their sensitivity to the drug, and their body weights.
Thus, for an average adult person, whose endogenous Cortisol excretion is
at a very low or zero level, the total daily dose of hydrocortisone in the
range of 15-30 mg or equivalent doses of other glucocorticoids can be
administered once a day in order to essentially mimic the endogenous
release profile. In the present context, the term "essentially mimic" is
intended to denote that the plasma profile obtained in a time period
corresponding to from about 0.5-1 to about 6.5-7 hours after administration
of the composition or a kit according to the inventionsubstantially
imitates or resembles the shape of the plasma profile of Cortisol of a
healthy subject in the morning from 6am to noon. In the case that the first
and the second parts (or components in the case of a kit) of the one or
more glucocorticoids are taken sequentially, the time period runs from
administration of the first part. The pharmaceutical composition or kit of
the invention should provide intestinal drug absorption for about 12-18
hours after dosing. In the following is given a detailed description of the
invention relating to pharmaceutical composition. However, all details and
particulars disclosed under this aspect of the invention apply mutatis
mutandis to the other aspects of the invention. Especially, it should be
noted that disclosure relating to the first and/or the second parts of a
composition according to the invention also applies for a first and second
component of a kit according to the invention. Pharmaceutical compositions
- first and second parts As mentioned above, a first part of the
composition releases the glucocorticoid relatively quickly. For some kinds
of pharmaceutical compositions it may be easy to 



define which part is the immediate release part (e.g. in the case of
capsules containing differently colored pellets, one color for immediate
release and another for extended release or in the case of a layered
tablet, where the immediate release layer is on top of the extended release
layer). During manufacturing of the composition it may also be relatively
easy to subject the individual parts (i.e. the immediate release part and
the extended release part) e.g. to in vitro dissolution test in order to
evaluate the release behavior. However, with a final composition as the
starting point it may in most case be difficult to define which part of the
composition that is the immediate release part and which is the extended
release part. Accordingly, in the present context the "immediate release
part" of a composition according to the present invention is defined as the
amount - expressed as hydrocortisone equivalents - released 1 hour after
start of testing of the composition in an in vitro dissolution test
according to USP employing USP Dissolution Apparatus No. 2 (paddle), 50 rpm
or 100 rpm and simulated intestinal fluid without enzymes as dissolution
medium. In contrast to known compositions without both an immediate release
and extended release part i) the immediate release part contains from about
15 to about 50% of the total hydrocortisone equivalents contained in the
composition, ii) at least about 50% of the hydrocortisone equivalents of
the first part are released within the first 45 min of the dissolution
test, and iii) thesecond part releases the glucocorticoid over an extended
period of time of at least about 8 hours. The in vitro dissolution profiles
of the glucocorticoid from drug formulations according to the invention is
suitably followed over time in a standardized controlled in vitro
environment. A United States Pharmacopoeia (USP) dissolution apparatus Il
(paddle) coupled to automatic sampling devices and software may be used for
acquiring release profiles of the drug formulations in a neutral pH
environment. The dissolution profile is suitably acquired at 37 0C, 50 rpm
or 100 rpm of the paddles, in a total of 300 ml or 500 ml of water.
Alternatively the water can be exchanged with phosphate buffer at pH=7.0.
Sampling may be performed at even time intervals such as e.g. 0, 1, 3, 5,
7, 10, 15, 20, 30, 40 50 and 60 minutes following the insertion of a
pharmaceutical composition according to the invention in the dissolution
medium and may be followed up to 360 min or more after insertion of a
pharmaceutical composition. However, should a comparison on a composition
according to the invention be made vis-a-vis a composition not belonging to
the invention the comparison regarding the dissolution test should be made
using a United States Pharmacopoeia (USP) dissolution apparatus Il (paddle)
coupled to automatic sampling devices and software was used for acquiring
release profiles of the drug formulations in a neutral pH environment. The
dissolution profile is acquired at 37 0C, 50 rpm of the paddles, in a total
of 300 ml of water. Sampling is performed at 0, 1, 3, 5, 7, 10 and 15
minutes following the insertion of the pharmaceutical compositions. The
release profile can be followed up to 360 minutes or more in even
intervals. Release of first part Specific embodiments of the first part of
the composition fulfil one or more of the requirements given in the
following table. In general, it is preferred that the requirement stated
within 30 min after start of the dissolution test is fulfilled. In
preferred embodiments, at least 70% or at least 80% of the hydrocortisone
equivalents contained in the first part are released within the first 30
min of the dissolution test.In order to be able to obtain a relatively high
plasma level of the glucocorticoids relatively fast after administration of
a composition according to the invention, the amount of one or more
glucocorticoids of the immediate release part, expressed as hydrocortisone
equivalents, is in a range of from about 15 to about 50% such as, e.g.,
from about 20 to about 40% or from about 25 to about 35% of the total
hydrocortisone equivalents in the composition. The second part of the
composition is designed to release the one or more glucocorticoids in an
extended manner, i.e. the release takes place during a time period of at
least about 8 hours. In specific embodiments, the second part of one or
more glucocorticoids is released over an extended period of time of at
least about 10 hours. Depending on the specific formulation technique
employed to prepare a composition according to the invention different
release patterns can be achieved and in vivo - in vitro correlation may
differ from one formulation technique to another. Accordingly, there may be
situations where the in vitro release lasts for a much longer period of
time without changing the in vivobehaviour. Accordingly, in specific
embodiments the second part of one or more glucocorticoids may be released
over an extended period of time of at least about 12 hours such as, e.g. at
least about 15 hours or at least about 20 hours. Moreover, as long a time
period as 24 hours may be of relevance in the present context. The release
mentioned above may be measured in vivo by a suitable method. Such methods
are currently under development and have attracted a lot of interest.
However, in general an in vitro method is preferred such as that already
described herein. Combined release With respect to the release of the one
or more glucocorticoids, specific embodiments of the composition fulfil one
or more of the requirements given in the following table. In general, it is
preferred that at least 80% or at least 90% of the hydrocortisone
equivalents contained in composition are released within the first 24 hours
of the dissolution test. In general the requirements described in the
following table apply. However, as discussed above, there are situations
where i) the release of the second part is much faster, ii) the one or more
glucocorticoids is released within about 15 or 14 hours, and/or iii) the
amount of the one or more glucocorticoids in the first part of the 



composition is relatively high. In such situations, one or more of the
following requirements may apply.Release of second part The release of the
second part of the one or more glucocorticoids normally starts upon
administration. However, there may be situations where a certain lag time
is obtained, e.g. if the second part of the composition is in the form of
enteric coated tablets or pellets. With respect to the release, specific
embodiments fulfil one or more of the requirements are given in the
following table. Thus the invention relates to compositions comprising: i)
from about 3 to about 15% of the hydrocortisone equivalents contained in
the second part are released per hour during a time period of from 1 to
about 6 hours, ii) from about 3 to about 10% of the hydrocortisone
equivalents contained in the second part are released per hour during a
time period of from about 6 to about 10 hours, and iii) from about 3 to
about 7.5% of the hydrocortisone equivalents contained in the second part
are released per hour during a time period of from about 10 to about 12
hours after start of the dissolution test as defined herein. With respect
to the extended release part in principle any pharmaceutical formulation
designed for extended release may be used. It is well known that the
release of theactive substance from some extended release formulations
(e.g. matrix tablets) may be very slow especially if the release is
designed as a 24-hour release. In such cases it may be necessary to
estimate the total amount of hydrocortisone equivalents in the composition
in order to determine the content of the second part. Accordingly, the
amount of hydrocortisone equivalents of the second part of the composition
may, if relevant, be determined as (Htotai - Hfirst part ) . wherein
Htotaiis the total amount of hydrocortisone equivalents released within 24
hours after start of the test defined in above and Hf rst part is the
amount of hydrocortisone equivalents of the first part of the composition
determined as defined herein. A pharmaceutical composition according to the
invention may also contain one or more bio/mucoadhesion promoting agents.
Normally such bio/mucoadhesion promoting agents are present in
concentration of from about 0.1 to about 25% w/w such as e.g about 1% to
about 20%, such as e.g about 5% to about 15%, such as e.g. 5% to about 10%
w/w. Examples of bio/mucoadhesion promoting agents include polymers
including synthetic polymers, natural polymers and derivatives thereof, and
mixtures thereof. The polymer may be selected from a carbomer, a
polyethylene oxide, a poly co- (methylvinyl ether/maleic anhydride, and
mixtures thereof; or it may be a polysaccharide. The polysaccharide may be
selected from the group consisting of gelatin, sodium alginate, pectin,
scleroglucan, xanthan gum; guar gum, microcrystalline cellulose,
crosscaramellose, hydroxypropyl cellulose, methyl cellulose, ethyl
cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, ethyl
hydroxyethyl cellulose, carboxymethyl cellulose, sodium carboxymethyl
cellulose, moderately cross-linked starch, and chitosan. A pharmaceutical
composition according to the invention may also contain a dissolution
promoting agent. If present, a dissolution promoting agent is present in a
concentration of from about 0.05 to about 5% w/w, of the total weight of
the composition such as e.g. about 0.5% to about 5%, such as e.g. about 1%
to about 4%, such as e.g. 2% to about 3% w/w. The dissolution promoting
agent may be selected from the group consisting of sodium lauryl sulphate,
a polysorbate, a bile acid, a bile salt, a salt of cholic acid or cholanic
acid, isopropyl myristate, methyl laurate, oleic acid, oleyl alcohol,
glycerol monoleate, glycerol dioleate, glycerol trioleate, glycerol
monostearate, glycerol monolaurate, propylene glycol monolaurate, sodium
dodecyl sulfate, and a sorbitan ester.The one or more glucocorticoids in a
composition of the invention may be present as microparticles or
nanoparticles. In general, the mean particle size of such particles is 10
mm or less. Furthermore, the micro- or nanoparticles may be encapsulated
such as coated with a coating comprising a lechitin or a lechitin based
compound. The composition according to the invention may also comprise a
disintegrating agent. Such agents promote the dispersion of the
glucucorticoids in the immediate release composition over the
administration site in for example the stomach. Examples of
pharmaceutically acceptable disintegrating agents are cross-linked
polyvinylpyrrolidone, carboxymethyl starch, natural starch,
microcrystalline cellulose, and cellulose gum. If present, it is normally
used in a concentration of from about 0.5% to about %10 w/w based on the
total weigh of the composition such as e.g. about 1% to about 9%, such as
e.g. 2% to about 8%, such as e.g. 3% to about 7%, such as e.g. 4% to about
6%, such as about 5%.. Different pharmaceutical excipients, such as
mannitol and lactose, have been found to be particularly suitable as
excipients. As mentioned above, the pharmaceutical composition according to
the invention may further comprise a taste-masking agent. Examples of a
taste-masking agent are e.g. menthol, peppermint, vanillin, a terpene based
compound, or an artificial sweetener. In a specific embodiment, the one or
more glucocorticoids are taste masked by incorporation into an inclusion
complex by means of alpha-, beta-, or gammacyclodextrins, preferably by
beta-cyclodextrins. Administration routes - dosages The pharmaceutical
composition of the invention may be administered by a suitable
administration route, preferably the oral route. Normally the oral route is
preferred due to convenience for the patient, but in the case that the
first and the second part of the composition are different dosage form, the
first part of the composition may suitably be designed to be administered
via a mucosa in the oral cavity, the nasal cavity, the rectum, the
gastrointestinal mucosa, or via pulmonary, bronchial or respiratory mucosa 



and epithelia. In those cases where different dosage forms are used for the
first and the second part of the composition, the final composition is
normally and advantageously presented as a kit.A preferred pharmaceutical
composition is a single-unit dosage form including both the immediate
release part and the extended release part. Such compositions are
especially suitable for use in a long-term treatment as the composition
preferably is designed to be administered once daily. However, there may be
situations (e.g. due to physical activities, stress etc) where the patient
may need a supplemental dose of glucocorticoid. In such situations a
separate dose of the immediate release part that leads to a fast on-set can
be administered to the patient. A composition according to the present
inventions aims at an administration frequency once daily. In the present
context the term "once daily"/"once-a-day" is intended to mean that it is
only necessary to administer the pharmaceutical composition once a day in
order to obtain a suitable therapeutic and/or prophylactic response;
however, any administration may comprise administration of more than one
dosage unit, such as, e.g. 2-4 dosage units or different dosage units (e.g.
tablets). As mentioned above, a pharmaceutical composition of the invention
is generally designed to be administered once daily to mimic the circadian
rhythm of plasma Cortisol. In order to achieve a fully physiological plasma
concentration time profile of Cortisol in vivo a significant increase from
low/undetectable plasma levels of Cortisol has to be achieved at
approximately 4 am. This is not achievable with adequate precision with a
delayed release pharmaceutical formulation administered at bedtime due to
the large variation within and between individuals in gastrointestinal
transit time (especially colon transit time). Hence, such a formulation
with a target time for the absorption to start at 4am will result in high
variability in the onset of absorption and some patients would experience
high peak value in plasma earlier in the night as well as later. Therefore
the present invention aims to provide the patient with a rapid absorption
in order to obtain adequate and physiological plasma Cortisol levels as
soon as possible in the early morning. The present invention will provide a
rapid absorption that will achieve clinically significant plasma
concentrations of Cortisol (>200 nmol/L) within 30 min. This can be
achieved by an immediate release oral preparation or by parenteral
transbuccal administration as demonstrated in WO 2005/102271 . Moreover, a
combination of an immediate release and an extended release can also be
achieved by the use of a single composition such as exemplified herein.
Accordingly, when the one or more glucocorticoids is given in a composition
or kit according to the present invention, a plasma concentration-time
profile is obtained that is synchronized with the biological circadian
rhythms of glucocorticoid. In the present context the terms"synchronize" or
"mimic" are used to denote situations where the plasma level profile of
glucocorticoid after administration of a composition or kit according to
the present invention has a similar shape to that of a normal healthy human
subject at least for a time period corresponding to 0.5 to 6 hours after
administration (i.e. if the composition or kit is administered at 6am in
the morning, the plasma profile of glucocorticoid of the patient should
essentially have the same shape as that of a healthy subject measured in
the time period corresponding to 6.30 am to noon). A preferred
pharmaceutical composition is designed for administration once daily in the
morning. Typically, the composition is administered at wake-up time, i.e.
from 4am to noon, from 4am to 10am, from 4am to 9am, from 5am to 8am or
from 6am to 8am, most typically at 6 to 8 o'clock in the morning. The
composition is also designed to provide a 6-9 h "glucocorticoid-free"
interval meaning low or undetectable plasma levels of glucocorticoid
(corresponding to <50 nmol/l Cortisol) late evening and night. In general,
the dosage of the glucocorticoids present in a composition according to the
invention depends inter alia on the specific drug substance, the age and
condition of the patient and of the disease to be treated. The
glucocorticoids of the first and the second part of the pharmaceutical
composition should each include a hydrocortisone equivalent daily dose of
5-50 mg. For the purpose of comparison, a table is given herein describing
the equivalent milligram dosage of the various glucocorticoids. Thus, other
forms of synthetic glucocorticoids in equivalent doses might be used.
Normally, a pharmaceutical composition according to the present invention
contains a total amount of hydrocortisone equivalents expressed as
hydrocortisone in the composition from about 1 to about 80 mg. In specific
embodiments, the total amount of hydrocortisone equivalents in the
composition is from about 1 to about 75 mg such as, e.g., from about 1 to
about 70 mg, from about 5 to about 60 mg, from about 5 to about 50 mg, from
about 5 to about 40 mg or from about 10 to about 30 mg. More specifically,
normal daily dose ranges are given below Hydrocortisone 1-30 mg Cortisone
1-20 mg Betamethasone 1-20 mg Prednisolon 1-10 mgDexamethasone 0.1-2 mg
Fludrocortisone 0.05-5 mg Prednisone 10-50 mg Methylprednisolone 2-20 mg A
composition according to the invention containing a dose for once daily
administration as described above is designed to provide the plasma levels
described in the following table (the narrow range is the preferred range,
but due to individual variations plasma level within the wider range is
also satisfactory). The plasma 



concentrations given below are given in terms of hydrocortisone
equivalents. In the case that another glucocorticoid than hydrocortisone is
used, a person skilled in the art will know how to determine suitable
plasma levels (cf. the guidance given herein before). Accordingly, when the
glucocorticoid is given in two different parts as single dose at the same
time a plasma concentration-time profile is obtained that essentially is
synchronized with the biological circadian rhythms of glucocorticoid. It is
preferred that the glucocorticoid is released in manner such as to provide
plasma levels as shown below:The pharmaceutical preparations are considered
as a once-daily medication to be administered at wake-up, typically at 6
o'clock to 8 o'clock in the morning. They are thus also designed to provide
a 6-9 h glucocorticoid-free interval plasma levels <50 nmol/l at late
evening and night, during which no extraneous glucocorticoid has to be
administrated to the patient. Pharmaceutical dosage forms As it appears
from the above, a composition according to the invention is designed for
oral administration. In the case of a kit according to the invention, the
extended release component is suitable designed for oral administration and
the immediate release part may be designed for any suitable administration
route, preferably via a mucosa. In preferred aspects, a composition or a
kit according to the present invention is designed for oral administration,
i.e. administration by oral intake or to the oral cavity. Most suitably a
pharmaceutical composition and at least the extended release component of a
kit according to the present invention is in the form of a solid dosage
form such as e.g. granules, beads, pellets and powders. A composition and
the individual components of a kit according to the invention are normally
presented as unit dosage forms including tablets, capsules or sachets. With
respect to the immediate release part or component of a kit according to
the invention it may be presented as a different unit dosage form including
e.g. thin film for application to the oral mucosa, solutions for
application via a suitable device such as, e.g., a spray to the oral or
nasal mucosa, an inhaler or powder inhaler for application via pulmonary,
bronchial or respiratory mucosa and epithelia, suppositories or other
suitable compositions for administration to the rectal mucosa or it may be
presented as immediate release tablets including chewable tablets, suckable
tablets, effervescent tablets, melt tablets, lozenges, pastilles or it may
be presented in a more candy-like form.In principle any relevant
formulation technique for preparing an oral controlled release composition
may be applied for the extended release part of the composition. Such
compositions include e.g. diffusion-controlled drug delivery systems,
osmotic pressure controlled drug delivery systems, eroding drug delivery
systems etc. Thus, the composition may be in the form of a single or a
multiple unit dosage form intended for use as such. In the same manner, any
relevant formulation technique for preparing pharmaceutical compositions
may be applied when formulating the immediate release part of a composition
or a kit according to the invention. A person skilled in the art of
pharmaceutical formulation techniques can find guidance in the handbook
Remington's Pharmaceutical Sciences and in the Example herein. In the
following is given a short review on general immediate and extended release
formulation techniques with an aim of obtaining the type of dissolution
profile described herein for the extended release part. In the compositions
described below a person skilled in the art will know how to incorporate a
part that gives rise to an immediate release of the one or more
glucocorticoids. Immediate release part of a composition or immediate
release component of a kit according to the invention The immediate release
part comprises a glucocorticoid as active substance normally together with
one or more pharmaceutically acceptable excipients or carriers (herein also
denoted "immediate release carrier") to provide rapid release/dissolution
of the glucocorticoid in vitro and, after administration of the
pharmaceutical composition to a patient, a rapid dissolution of the
glucocorticoid at the administration site such as, e.g., in the oral cavity
or in the gastrointestinal tract and a rapid absorption of the
glucocorticoid in vivo. The one or more pharmaceutically acceptable
excipients employed for the immediate release part are either inherent or
they may contribute to a fast release. However, they are not intended to
delay or retard the release in any manner. The immediate release carrier
comprises suitable pharmaceutical excipients and presents the
glucocorticoid to the dissolution medium in vitro and in vivo in a way that
provides rapid dissolution of the glucocorticoid. The immediate release
part is formulated by per se known techniques such as for instance:Finely
divided/micronised particles of the glucocorticoid are thoroughly mixed
with a water soluble pharmaceutically acceptable excipient(s) such as for
instance crosslinked polyvinylpyrrolidone, carboxymethyl starch, natural
starch, microcrystalline cellulose, and cellulose gum. If present, it is
normally used in a concentration of from 0.5% to 10% w/w based on the total
weigh of the composition, such as e.g. about 1% to about 9%, such as e.g.
2% to about 8%, such as e.g. 3% to about 7%, such as e.g. 4% to about 6%,
such as about 5%. Different pharmaceutical excipients, such as mannitol and
lactose, have been found to be particularly suitable as excipients. and,
optionally after granulation with a suitable granulation liquid, drying and
milling, optionally mixed with suitable binder(s) disintegrant(s),
lubricant(s), flavouring agents, colours or other suitable agents and
formed into a suitable immediate release part of the composition. The
immediate release part can be formed by compression into a 



separate layer of a layered tablet or as the outer layer of a dry-coated
tablet. Another way to formulate the immediate release part is to first
dispose a solution of the glucocorticoid onto a suitable pharmaceutical
excipient(s) such as for instance lactose, mannitol or any other suitable
excipient(s) and carry on as above or to first make a solid solution of the
glucocorticoid in a suitable excipient such as for instance polyethylene
glycol, a suitable poloxamer or any other suitable excipient and carry on
as above. The immediate release part can also be in a form of a powder
mixture or a powder granulation and be mixed with an extended release part
and dispensed in a capsule or a sachet. It may also be formulated into
small pellets and be mixed with extended release pellets and dispensed into
capsules. The mixture of the immediate release part and extended release
pellets can after mixing with suitable pharmaceutical excipients to a
homogeneous mixture be compressed into tablets. The immediate release part
may be formulated by coating an extended release tablet of the
glucocorticoid or extended release pellets with a rapidly dissolving
coating containing the glucocorticoid. As mentioned hereinbefore, the
immediate release part or component may also be a separate dosage unit such
as, e.g., a mucoadhesive composition e.g. in the form of a thin film for
buccal application or e.g. for application to the other oral mucosa.It may
also be in the form of a dosage form intended for administration to the
nasal cavity such as, e.g., a nasal spray composition or it may be designed
for rectal administration such as, e.g., a solid rectal composition as a
suppository, or a semi-solid rectal composition as a rectiol or a fluid
rectal composition as a rectal solution. For administration to the
pulmonary, bronchial or respiratory mucosa and epithelia the composition
may be in the form of an inhaler or a powder inhaler. Extended release part
of a composition or extended release component of a kit according to the
invention The extended release part comprises a glucocorticoid as active
substance in a pharmaceutically acceptable excipient or carrier (herein
also denoted "extended release carrier") to provide extended
release/dissolution of the glucocorticoid in vitro and, after
administration of the pharmaceutical composition to a patient, an extended
dissolution of the glucocorticoid in the gastrointestinal tract and an
extended absorption of the glucocorticoid in vivo. The extended release
carrier comprises suitable pharmaceutical excipients and presents the
glucocorticoid to the dissolution medium in vitro and in vivo in a way that
provides dissolution of the glucocorticoid at a suitable rate during a
prolonged time period. The release kinetics may follow zero order, first
order or a mixed first and zero order. Examples of different extended
release technologies are e.g. single units (e.g. matrix tablets, coated
matrix tablets, layered tablets, multilayer coated units etc) and multiple
units (e.g. units having an extended release coating, units having an
extended release matrix, units having an extended release compression
coating, units having a multilayer coating etc.). In the following is given
a description of general applicable extended release formulation
techniques. In the compositions described below, a person skilled in the
art will know how to incorporate an immediate release part that gives rise
to a relatively fast release of the one or more glucocorticoids. As an
example such a part may be incorporated in an outermost coating layer
comprising the glucocorticoid for immediate release, it may be incorporated
in a separate layer in a two- or multi-layered tablet or it may be
incorporated in the form of pellets formulated without release-retarding
agents. The extended release part is formulated by per se known techniques
such as for instance:The glucocorticoid may be embedded in a water
insoluble porous matrix from which the glucocorticoid is released by
diffusion through the pores. Such porous matrices can be made of insoluble
plastic material, such as for instance PVC, stearic acid, paraffin or other
suitable insoluble materials optionally together with suitable excipients
for the formation of pores and may be present in an amount of e.g. about
0.5% to about 95%, such as e.g. about 1% to about 90%, such as about e.g.
about 5% to about 85%, such as e.g. about 10% to about 80%, such as e.g.
about 15% to about 75%, such as e.g. about 20% to about 70%, such as e.g.
about 25% to about 65%, such as e.g. about 30% to about 60%, such as about
35% to about 55%, such as about 40% to about 50%, such as e.g. about 45% or
in an amount of e.g. about 0.01% to about 10%, such as e.g. about 0.05% to
about 9%, such as about e.g. about 0.1% to about 8.5%, such as e.g. about
0.15% to about 8%, such as e.g. about 0.2% to about 7.5%, such as e.g.
about 0.25% to about 7%, such as e.g. about 0.3% to about 6.5%, such as
e.g. about 0.35% to about 6.0%, such as about 0.4% to about 5.5%, such as
about 0.45% to about 5.0%, of the total amount of the weight of the
ingredients used in the process of manufacturing the composition. Suitable
porosity may be e.g. at the most about 50%, such as at the most about 45%,
such as at the most about 40%, such as at the most about 35%, such as at
the most about 30%, such as at the most about 25%, such as at the most
about 20%, such as at the most about 15%, such as at the most about 10%,
such as at the most about 5%, such as at the most about 1%. The
glucocorticoid may also be embedded in a water insoluble matrix from which
the glucocorticoid is made available for dissolution by gradual erosion of
the matrix. Such eroding matrices can be made of a suitable fat or of a
compact of hardly soluble or insoluble pharmaceutical excipients optionally
mixed with other suitable pharmaceutical excipients and may be present in
an amount of e.g. about 0.5% to about 95%, such as e.g. about 1% to about
90%, such as about e.g. about 5% to about 85%, such as e.g. 



about 10% to about 80%, such as e.g. about 15% to about 75%, such as e.g.
about 20% to about 70%, such as e.g. about 25% to about 65%, such as e.g.
about 30% to about 60%, such as about 35% to about 55%, such as about 40%
to about 50%, such as e.g. about 45% or in an amount of e.g. about 0.01% to
about 10%, such as e.g. about 0.05% to about 9%, such as about e.g. about
0.1% to about 8.5%, such as e.g. about 0.15% to about 8%, such as e.g.
about 0.2% to about 7.5%, such as e.g. about 0.25% to about 7%, such as
e.g. about 0.3% to about 6.5%, such as e.g. about 0.35%to about 6.0%, such
as about 0.4% to about 5.5%, such as about 0.45% to about 5.0%, of the
total amount of the weight of the ingredients used in the process of
manufacturing the composition. The glucocorticoid may also be embedded in a
swelling hydrophilic gel matrix from which the glucocorticoid is released
by diffusion through and erosion of the matrix. Such matrices usually
comprise modified cellulose material such as for instance hydroxypropyl
methylcellulose in admixture with suitable pharmaceutical excipients and
formulated into tablets. As examples of other suitable excipients for
hydrophilic gel matrices can be mentioned by not limited to various
methacrylic acid copolymers, high molecular weight polyoxyethylenes and
poloxamers. and may be present in an amount of e.g. about 0.5% to about
95%, such as e.g. about 1% to about 90%, such as about e.g. about 5% to
about 85%, such as e.g. about 10% to about 80%, such as e.g. about 15% to
about 75%, such as e.g. about 20% to about 70%, such as e.g. about 25% to
about 65%, such as e.g. about 30% to about 60%, such as about 35% to about
55%, such as about 40% to about 50%, such as e.g. about 45% or in an amount
of e.g. about 0.01% to about 10%, such as e.g. about 0.05% to about 9%,
such as about e.g. about 0.1% to about 8.5%, such as e.g. about 0.15% to
about 8%, such as e.g. about 0.2% to about 7.5%, such as e.g. about 0.25%
to about 7%, such as e.g. about 0.3% to about 6.5%, such as e.g. about
0.35% to about 6.0%, such as about 0.4% to about 5.5%, such as about 0.45%
to about 5.0%, of the total amount of the weight of the ingredients used in
the process of manufacturing the composition. The glucocorticoid may also
be formulated into a solid shape, such as for instance a tablet or pellet,
with suitable dissolution properties and then coated with a release rate
controlling membrane, such as for instance a membrane controlling the rate
of diffusion of the active substance through the membrane or through pores
in the membrane. Such membranes can for instance be made of ethyl cellulose
or any other suitable membrane-forming excipient optionally containing a
water soluble pore-forming substance such as for instance hydroxypropyl
methylcellulose, sugar, sodium chloride or any other suitable water soluble
substance and optionally plasticizers. A pharmaceutical composition
according to the invention may be in the form of a tablet, wherein the one
or more glucocorticoids of the first part is provided as a coating. In
another specific embodiment, the one or more glucocorticoids of first and
the second part are provided as pellets, granules, beads or
powders.Accordingly, the administration means can be a formulation for oral
administration of both the part for immediate release and the part for
extended release. For example, the composition for oral administration can
be a tablet comprising the first part (immediate release) coated outside
the second part (extended release). The composition for oral administration
can also be a capsule comprising the first part of the composition or
components of a kit according to the invention. Preferably, a composition
is a single-unit dosage form for oral administration once daily. The one or
more glucocorticoids may be administered in form of an oral dosage, wherein
from about 15 to about 35% w/w of the total amount of the glucocorticoids
is immediate released upon administration and the remaining part of the
glucocorticoids is extended released during a time period of at least about
8 hours such as at least about 12 hours. The one or more glucocorticoids
is/are administered in form of a single-unit dosage form comprising a core
containing a part of the glucocorticoids and the core being coated with the
remaining part of the glucocorticoid. Preferably, core is of a swelling
matrix type. Pharmaceutically acceptable excipients In the present context
the terms "pharmaceutically acceptable excipients" are intended to denote
any material, which is inert in the sense that it substantially does not
have any therapeutic and/or prophylactic effect per se. Such an excipient
may be added with the purpose of making it possible to obtain a
pharmaceutical, cosmetic and/or foodstuff composition, which have
acceptable technical properties. Examples of suitable excipients for use in
a composition or kit according to the invention include fillers, diluents,
disintegrants, binders, lubricants etc. or mixture thereof. As the
individual parts of a composition or kit according to the invention are
used for different purposes (e.g. immediate and extended release), the
choice of excipients is normally made taken such different uses into
considerations. A person skilled in the art will know which kinds of
pharmaceutically acceptable excipients that are suitable choices depending
on the specific dosage form in question. Other pharmaceutically acceptable
excipients for suitable use are e.g. acidifying agents, alkalising agents,
preservatives, antioxidants, buffering agents, chelating agents, colouring
agents, complexing agents, emulsifying and/or solubilizing agents, flavours
and perfumes, humectants, sweetening agents, wetting agents etc.Examples of
suitable fillers, diluents and/or binders include lactose (e.g. spray-dried
lactose, a-lactose, b-lactose, Tabletose(r), various grades of
Pharmatose(r), Microtose(r) or Fast-Floe(r)), microcrystalline cellulose
(various grades of Avicel(r), Elcema(r), Vivacel(r), Ming Tai(r) or
Solka-Floc(r)), hydroxypropylcellulose, L-hydroxypropylcellulose (low
substituted), hydroxypropyl methylcellulose (HPMC) (e.g. Methocel E, F and
K, Metolose SH of Shin-Etsu, Ltd, such as, e.g. the 4,000 cps grades of
Methocel E and 



Metolose 60 SH, the 4,000 cps grades of Methocel F and Metolose 65 SH the
4,000, 15,000 and 100,000 cps grades of Methocel K; and the 4,000, 15,000,
39,000 and 100,000 grades of Metolose 90 SH), methylcellulose polymers
(such as, e.g., Methocel A, Methocel A4C, Methocel A15C, Methocel A4M),
hydroxyethylcellulose, sodium carboxymethylcellulose, carboxymethylene,
carboxymethylhydroxyethylcellulose and other cellulose derivatives,
sucrose, agarose, sorbitol, mannitol, dextrins, maltodextrins, starches or
modified starches (including potato starch, maize starch and rice starch),
calcium phosphate (e.g. basic calcium phosphate, calcium hydrogen
phosphate, dicalcium phosphate hydrate), calcium sulfate, calcium
carbonate, sodium alginate, collagen etc. Fillers, diluents or binders are
e.g. calcium phosphate, dibasic dihydrate dalcium sulphate, cellulose,
microcrystalline cellulose, powdered cellulose, silicified microcrystalline
ethylcellulose, fumaric acid hypromellose, lactose, mediumchain
triglycerides, polymethacrylates, sodium chloride, sorbitol, titanium
dioxide and starch and may be present in an amount of e.g. about 0.5% to
about 95%, such as e.g. about 1% to about 90%, such as about e.g. about 5%
to about 85%, such as e.g. about 10% to about 80%, such as e.g. about 15%
to about 75%, such as e.g. about 20% to about 70%, such as e.g. about 25%
to about 65%, such as e.g. about 30% to about 60%, such as about 35% to
about 55%, such as about 40% to about 50%, such as e.g. about 45% of the
total amount of the weight of the ingredients used in the process of
manufacturing the composition. It is also to be understood that
pharmaceutical excipients according to the invention may be present in any
mix in the amounts specified herein and independently from each other in
the amounts specified herein. Specific examples of diluents are e.g.
calcium carbonate, dibasic calcium phosphate, tribasic calcium phosphate,
calcium sulfate, microcrystalline cellulose, powdered cellulose, dextrans,
dextrin, dextrose, fructose, kaolin, lactose, mannitol, sorbitol, starch,
pregelatinized starch, sucrose, sugar etc. and may be present in an amount
of e.g. about 0.5% to about 95%, such as e.g. about 1% to about 90%, such
as about e.g.about 5% to about 85%, such as e.g. about 10% to about 80%,
such as e.g. about 15% to about 75%, such as e.g. about 20% to about 70%,
such as e.g. about 25% to about 65%, such as e.g. about 30% to about 60%,
such as about 35% to about 55%, such as about 40% to about 50%, such as
e.g. about 45% of the total amount of the weight of the ingredients used in
the process of manufacturing the composition. Specific examples of
disintegrants are e.g. alginic acid or alginates, microcrystalline
cellulose, hydroxypropyl cellulose and other cellulose derivatives,
croscarmellose sodium, crospovidone, polacrillin potassium, sodium starch
glycolate, starch, pregelatinized starch, carboxymethyl starch (e.g.
Primogel(r) and Explotab(r)) etc. and may be present in an amount of e.g.
about 0.5% to about 95%, such as e.g. about 1% to about 90%, such as about
e.g. about 5% to about 85%, such as e.g. about 10% to about 80%, such as
e.g. about 15% to about 75%, such as e.g. about 20% to about 70%, such as
e.g. about 25% to about 65%, such as e.g. about 30% to about 60%, such as
about 35% to about 55%, such as about 40% to about 50%, such as e.g. about
45% or in an amount of e.g. about 0.01% to about 10%, such as e.g. about
0.05% to about 9%, such as about e.g. about 0.1% to about 8.5%, such as
e.g. about 0.15% to about 8%, such as e.g. about 0.2% to about 7.5%, such
as e.g. about 0.25% to about 7%, such as e.g. about 0.3% to about 6.5%,
such as e.g. about 0.35% to about 6.0%, such as about 0.4% to about 5.5%,
such as about 0.45% to about 5.0%, of the total amount of the weight of the
ingredients used in the process of manufacturing the composition. Specific
examples of binders are e.g. acacia, alginic acid, agar, calcium
carrageenan, sodium carboxymethylcellulose, microcrystalline cellulose,
dextrin, ethylcellulose, gelatin, liquid glucose, guar gum, hydroxypropyl
methylcellulose, methylcellulose, pectin, PEG, povidone, pregelatinized
starch etc. Glidants and lubricants may also be included in the
composition. Examples include stearic acid, magnesium stearate, calcium
stearate or other metallic stearate, talc, waxes and glycerides, light
mineral oil, PEG, glyceryl behenate, colloidal silica, hydrogenated
vegetable oils, corn starch, sodium stearyl fumarate, polyethylene glycols,
alkyl sulfates, sodium benzoate, sodium acetate, talc etc. Glidants or
lubricants can be present in an amount of e.g. about 0.01% to about 10%,
such as e.g. about 0.05% to about 9%, such as about e.g. about 0.1% to
about 8.5%, such as e.g. about 0.15% to about 8%, such as e.g. about 0.2%
to about 7.5%, such as e.g. about 0.25% to about 7%, such as e.g. about
0.3% to about 6.5%, such as e.g. about 0.35% to about 6.0%, such as about
0.4% to about 5.5%, such as about 0.45% to about 5.0%, ofthe total amount
of the weight of the ingredients used in the process of manufacturing the
composition. Other excipients which may be included in a composition or
solid dosage form of the invention are e.g. flavouring agents, colouring
agents, taste-masking agents, pHadjusting agents, buffering agents,
preservatives, stabilizing agents, anti-oxidants, wetting agents,
humidity-adjusting agents, surface-active agents, suspending agents,
absorption enhancing agents, agents for modified release, water etc. and
may be present in an amount of e.g. about 0.5% to about 95%, such as e.g.
about 1% to about 90%, such as about e.g. about 5% to about 85%, such as
e.g. about 10% to about 80%, such as e.g. about 15% to about 75%, such as
e.g. about 20% to about 70%, such as e.g. about 25% to about 65%, such as
e.g. about 30% to about 60%, such as about 35% to about 55%, such as about
40% to about 50%, such as e.g. about 45% or in an amount of e.g. about
0.01% to about 10%, such as e.g. about 0.05% to about 9%, such as about
e.g. about 0.1% to about 8.5%, such as e.g. about 0.15% to about 8%, 



such as e.g. about 0.2% to about 7.5%, such as e.g. about 0.25% to about
7%, such as e.g. about 0.3% to about 6.5%, such as e.g. about 0.35% to
about 6.0%, such as about 0.4% to about 5.5%, such as about 0.45% to about
5.0%, of the total amount of the weight of the ingredients used in the
process of manufacturing the composition. The composition or kit components
according to the invention may also be coated with a film coating, an
enteric coating, a modified release coating, a protective coating, an
anti-adhesive coating etc. A composition according to the invention (or
part thereof) may also be coated in order to obtain suitable properties
e.g. with respect to extended release of the one or more glucocorticoids.
The coating may also be applied as a readily soluble film containing the
one or more glucocorticoids for immediate release. The coating may also be
applied in order to mask any unsuitable taste of the one or more
glucocorticoids. The coating may be applied on single unit dosage forms
(e.g. tablets, capsules) or it may be applied on a polydepot dosage form or
on its individual units. Suitable coating materials are e.g.
methylcellulose, hydroxypropylmethylcellulose, hydroxypropylcellulose,
acrylic polymers, ethylcellulose, cellulose acetate phthalate, polyvinyl
acetate phthalate, hydroxypropyl methylcellulose phthalate,
polyvinylalcohol, sodium carboxymethylcellulose, cellulose acetate,
cellulose acetate phthalate, gelatin, methacrylic acid copolymer,
polyethylene glycol (Macrogol), shellac, sucrose, titanium dioxide,
carnauba wax, microcrystalline wax, glyceryl monostearate, zein and may
bepresent in an amount of e.g. about 0.5% to about 95%, such as e.g. about
1% to about 90%, such as about e.g. about 5% to about 85%, such as e.g.
about 10% to about 80%, such as e.g. about 15% to about 75%, such as e.g.
about 20% to about 70%, such as e.g. about 25% to about 65%, such as e.g.
about 30% to about 60%, such as about 35% to about 55%, such as about 40%
to about 50%, such as e.g. about 45% or in an amount of e.g. about 0.01% to
about 10%, such as e.g. about 0.05% to about 9%, such as about e.g. about
0.1% to about 8.5%, such as e.g. about 0.15% to about 8%, such as e.g.
about 0.2% to about 7.5%, such as e.g. about 0.25% to about 7%, such as
e.g. about 0.3% to about 6.5%, such as e.g. about 0.35% to about 6.0%, such
as about 0.4% to about 5.5%, such as about 0.45% to about 5.0%, of the
total amount of the weight of the ingredients used in the process of
manufacturing the composition or the weight of the total coating
composition. Plasticizers and other ingredients may be added in the coating
material. The same or different active substance may also be added in the
coating material. The solvents used in the manufacturing process of the
compositions according to present invention may be any aqueous solvent such
as water optionally supplemented an alcohol such as e.g. methanol or
ethanol. The solvent may also be an organic solvent such as ethanol,
methanol, isopropylalcohol, dichloromethane or the likes. Consequently, a
composition according to the invention may thus comprise (wherein the
percentages are given as % of total weight of all ingredients used in the
manufacture of the composition): Glucocorticoid about 1.5% to about 6.5%
Polymer, Binder about 15-25%, such as about 20% about 30-40%, such as about
35% or Filler about 37% Glidant about 0.1-0.5%, such as about 0.3%
Lubricant about 0.1-0.5%, such as about 0.3% about 1-5%, such as about 3.5%
or Film coating system about 4.5% about 25-40%, such as about 30% or
Solvent about 35%It is to be understood that the solvent used in the
manufacturing process of the compositions according to the invention may
wholly or partially be evaporated. The compositions as mentioned above may
have a ratio between the first immediate release part and the second
extended release part in ranges of 20-30% such as e.g. about 25% of the
glucocorticoid for the coating (first part) of the total amount of
glucocorticoid and 70-80% such as e.g. about 75% of the core (second part)
of the total amount of glucocorticoid. The film-former used in a coating
composition may comprise polyvinyl alcohol, macrogol, talc and titanium
oxide. It is also to be clearly understood that a composition according to
the invention may be composed of any combination of excipients and wherein
the amounts of these excipients or may be in any interval as disclosed
herein. Figures When a figure shows delta changes on the Y-axis, they are
absolute delta values between baseline and the stated visit ( 1 week, 4
weeks, 8 weeks and 12 weeks). The baseline is defined as the visit when
subjects enter the randomised part of the trial i.e. after 4 weeks of
run-in on trice daily (TID) conventional hydrocortisone replacement. Fig. 1
shows the weight change from base line studied over the range of 1-12 weeks
and the difference seen between the OD (once daily administration) and TID
(three times daily administration). The figure demonstrates that the OD
hydrocortisone composition confers a weight reduction of 0-6 kg after 12
weeks as compared to baseline. Fig. 2 shows the final difference in body
weight (BW) change at 12 weeks between OD (once daily administration) and
TID (three times daily administration). Note that the OD 



hydrocortisone composition is associated with a 0.6 kg weight reduction
after 12 weeks of treatment. Fig. 3 shows the blood pressure in the ITT
(intention to treat) study as the deviation from base line value and SBP
(systolic blood pressure) between OD (once daily administration) and TID
(three times daily administration). The figure demonstrates that the OD
hydrocortisone composition is associated with a reduced systolic blood
pressure of 5.5 mmHg as compared to the conventional TID regimen.Fig. 4
shows the blood pressure in the ITT (intention to treat) study as the
deviation from base line value and DBP (diastolic blood pressure) between
OD (once daily administration) and TID (three times daily administration).
The figure demonstrates that the OD hydrocortisone composition is
associated with a reduced diastolic blood pressure of 2.3 mmHg as compared
to the conventional TID regimen. Fig. 5 shows changes in blood pressure
between the OD and the TID period (Dod-Dtid). The statistics are after
adjustment of the period effect. Fig. 6 shows the glucose blood
concentration and the HbAIc concentration in comparison with the base line
value and OD (once daily administration) and TID (three times daily
administration). Note the lower HbAIc on the OD hydrocortisone composition
as compared with the conventional TID regimen after 12 weeks. Fig. 7 show
changes of TC and LDL-C concentrations after 12 weeks of treatment. Note
the lower LDL-C on the OD hydrocortisone composition as compared with the
conventional TID regimen after 12 weeks. Fig. 8 shows the increase in bone
resorption marker osteocalcin and bone formation marker PINP after 12 weeks
in comparison with base line value and OD (once daily administration) and
TID (three times daily administration). Note the higher osteocalcin and
higher PINP on the OD hydrocortisone composition as compared with the
conventional TID regimen after 12 weeks. Fig. 9 shows the results from the
questionnaire used to assess quality of life and the Psychological General
Well-Being (PGWB) in the ITT (intention to treat) study, indicating the
results from Anxiety (Anx), Depressed mood (Depr), Positive well-being
(Well-Being), Self-Control (SeIfC), General Health (GH), Vitality (Vit) and
finally the total sum up of the assessment (Total), indicating the
difference between od (once daily administration) and tid (three times
daily administration). Note the improved psychological general well being
(PGWB) on the OD hydrocortisone preparation as compared with the
conventional TID regimen after 12 weeks. Fig. 10 shows the result of the
Fatigue Impact Scale (FIS) in ITT (intention to treat). The FIS
questionnaire was also used to assess fatigue and its impact on well-being
as indicated in Cognitive fatigue, Physical fatigue and Psycosocial
function with all factorsin comparison between OD (once daily
administration) and tid (three times daily administration). Note the
improved (shown as lower negative scores) cognitive function, psychological
function and total FIS scores on the OD hydrocortisone preparation as
compared with the conventional TID regimen after 12 weeks. Fig. 11 shows a
Bland Altman plot. Mainly patients with blood pressure in the higher range
within the group of patients were the ones with the most marked reduction
in blood pressure. Fig. 12 shows the target profile criteria and fulfilment
thereof for the clinical study performed and reported in the example. The
results are given in the following format xx/yy (zz), wherein xx is the
number of simulated patients that fulfils the criteria, yy is the total
number of simulated patients, and zz is the percentage of fulfilment. The
fulfilment is irrespectively of the time of the administration as all
criteria are relative to the administration. Fig. 13 shows plasma Cortisol
concentration-time profiles for once daily treatment and conventional
treatment three times daily. Fig. 14 shows plasma Cortisol
concentration-clock time profiles for healthy volunteers and for once daily
treatment in accordance with the clinical study reported in the example.
50% Pl is 50% prediction interval and 10-90% CI/PI is 10-90% confidence
interval/prediction interval. The invention is further illustrated in the
following non-limiting examples. Examples Test product The drug product is
a white, circular (diameter 8 mm), convex, modified-release tablet of two
strengths, 5 mg (ER core coated with IR coating) and 20 mg (ER core coated
with IR coating) hydrocortisone/tablet. ER=extended release IR=immediate
release The complete composition is provided in the table below.Composition
of test product Ingredient Quantity Quantity Standard (5 mg tablet), (20 mg
tablet), mg/unit mg/unit Hydrocortisone 5.0 20.0 Ph.Eur. Hypromellose K 100
cP (Methocel K 100) 47.05 4 1.2 Ph.Eur. Hypromellose K 4000 cP (Methocel
K4M) 20.0 24.6 Ph.Eur. Cellulose, microcrystalline (Avicel PH-102) 100.8
100.8 Ph.Eur. Starch, pregelatinized (Starch 1500) 16.4 16.4 Ph.Eur. Silica
colloidal anhydrous (Aerosil 200) 1.0 1.0 Ph.Eur. Magnesium stearate 1.0
1.0 Ph.Eur. Opadry Il about 13.75 about 11.0 Colorcon Water, purified*
about 102 about 107 Ph.Eur. 



* Evaporates during the manufacturing process The formulations are of type
swelling matrices based on hypromellose. Direct compression technique was
selected. Core tablets: Hydrocortisone, hypromellose, microcrystalline
cellulose, starch pregelatinized, silica and magnesium stearate are mixed
and compressed to tablets of high resistance to crushing. The tablets are
circular convex tablets. The core tablets are coated with hydrocortisone
and a film former (Opadry(r)) to obtain hydrocortisone for immediate
release. The film-former used in a coating composition may thus comprise
polyvinyl alcohol, macrogol, talc and titanium oxide. The function of each
of the excipients is provided in the table, below. Function of excipients
Ingredient Function Hypromellose K 100 cP (Methocel K 100) Polymer, Binder
Hypromellose K 4000 cP (Methocel K4M) Polymer, Binder Cellulose,
microcrystalline (Avicel PH-102) Filler Starch, pregelatinized (Starch
1500) Filler Silica colloidal anhydrous (Aerosil 200) GlidantMagnesium
stearate Lubricant Opadry Il Film coating system Water, purified Solvent
Comparison product, Hydrocortisone tablet (Hydrocortone, Merck Sharp &
Dome), containing Hydrocortisone 10 mg, (MSD). 191 .1 mg Lactose
Monohydrate Magnesium stearate Maize starch Clinical study Method The study
was conducted as an open, controlled, randomised, two-armed, two-period
12-week cross-over, multi-centre trial. Run-in: On the first day of run-in,
e.g. at inclusion, the subjects underwent a full clinical examination
including medical history, physical examination, blood pressure, heart
rate, ECG, routine clinical chemistry and haematology measurements.
Patients on a twice a day (b.i.d.) regimen were transferred to a three
times a day (t.i.d.) regimen while maintaining the same total daily
hydrocortisone dose. During the 4-week run-in period, safety and
tolerability of the changed regimen were assessed by telephone contact at
least once and not later than 1 week prior to the next visit. The patients
were randomised to conventional t.i.d. (three times daily) or novel once
daily (o.d.) therapy on the first day of study period I. Patients in study
arm I then underwent standardised in-house pharmacokinetic (PK) sampling
during 24 hours in order to assess single-dose PK of o.d. or t.i.d. regimen
while patients in study arm Il had a reduced PK sampling scheme of single
dose PK on day 1-2 and returned for multiple-dose PK sampling on day 7-8.
The patients continued with the assigned treatment for 12 weeks. The
patients returned every 4 weeks for study drug dispensation, adverse event
(AE) assessment and collection of patient questionnaires including diurnal
fatigue score. After the 12-weekstudy period, patients were admitted for
full clinical examination, laboratory sampling and other assessments
including diurnal fatigue score. For patients in study arm I further
reduced PK sampling took place for an initial 0-10 hours in-house and the
patients returned for 24-hour samples (i.e. for multiple-dose PK) while
patients in study arm Il had a reduced PK sampling scheme of single dose PK
on day 1-2 after cross over and returned for multiple dose PK sampling on
day 7-8. After the cross-over to the other randomised treatment (t.i.d. or
novel o.d. therapy) another 24-hour in-house PK sampling (multiple dose)
took place in study arm I while patients in study arm Il had a reduced PK
sampling scheme of single dose PK day 1-2 and the patients returned for
multiple dose PK sampling on day 7-8. The patients continued for another 12
weeks with the assigned second randomised treatment and returned every 4
weeks for study drug dispensation, AE assessment and collection of patient
questionnaires including diurnal fatigue score (visual analogue scale
[VAS], morning, noon, afternoon). After the 12-week study period patients
were admitted for full clinical examination, laboratory sampling and other
assessment including diurnal fatigue score. Patients in study arm I had
another reduced PK sampling (0-10 hours in-house and a return visit for the
24-hour samples), i.e. for multiple-dose PK. Study flow Part A Part B sion
Randomisation Cross-over sionThe Intention-To-Treat (ITT) population
consists of all randomised patients who took at least one dose of study
medication with assessments of primary efficacy variables including all PK
samplings during either treatment period. The Per-Protocol (PP) population
consists of all patients in the ITT population with all protocol violators
excluded. Demographic in the test group The mean age of the patients was 47
years, ranging from 19 years to 7 1 years (ITT population). Fifty-nine per
cent of the patients were males. The mean weight was 80 kg, ranging from 54
kg to 121 kg. The mean body mass index 



(BMI) was 26.2 kg/m2, ranging from18.6 kg/m2 to 37.3 kg/m2. Mean blood
pressure was 124/76 mm Hg and the mean heart rate was 66 bpm. An abnormal
ECG was recorded in 7 patients ( 11%) at baseline. Eleven patients (18%)
were tobacco users. None of the women of fertile age had a positive
pregnancy test. At baseline, the patients' replacement doses were 20 mg
(12.7%), 25 mg (9.5%), 30 mg (57.1%) or 40 mg (20.6%) per day. The daily
dose at run-in was distributed as the replacement dose before study start.
The replacement dose was taken either as two (55%) or three (45%) tablets
per day. Eleven (17.2%) of the patients were diagnosed with diabetes and 11
(17.5%) had a diagnosed hypertension at baseline. Diagnosis and main
criteria for inclusion - Males and females; age 18 years and above -
Previously diagnosed (e.g. more than 6 months ago) primary adrenal
insufficiency with a stable daily glucocorticoid substitution dose for at
least 3 months prior to study entry. - An oral hydrocortisone substation
therapy dose of 20, 25, 30 or 40 mg total daily dose - Signed informed
consent to participate in the studyDuration of treatment The duration of
the study was 28 weeks in part I and 30 weeks in part II. Test product,
dose and mode of administration Hydrocortisone, oral tablet (modified
release), 20 and 5 mg. The hydrocortisone modified release tablet was
administered orally o.d. at 8 AM in the fasting state. During the entire
trial, the run-in period and both the 12-week periods the patient's daily
dose of hydrocortisone was administered as follows: Daily dose at run-in
Hydrocortisone modified release 20 mg 20+0+0 mg 25 mg (20+5)+0+0 mg 30 mg
(20+5+5)+0+0 mg 40 mg (20+20)+0+0 mg During the run-in period, subjects
received the same dose as they had at inclusion except that those on b.i.d.
were switched to t.i.d. Reference therapy, dose and mode of administration
The reference drug (hydrocortisone, 10 mg) was administered orally t.i.d.
(thrice daily; 8 AM, at 12 AM and at 4 PM). The morning dose was
administered in the fasting state. During the entire trial, the run-in
period, both the 12-week period the patient's daily dose of hydrocortisone
was administered as follows: Daily dose at run-in Reference drug t.i.d 20
mg 10+5+5 mg 25 mg 15+5+5 mg 30 mg 15+10+5 mg 40 mg 20+10+10 mgCriteria for
evaluation Primary Efficacy Assessment - Difference in total S-cortisol AUC
0.24h between novel combined modified release formulation and conventional
thrice-daily replacement therapy for all subjects (study arm l+ll)
Secondary Efficacy Assessment - Difference in total S-cortisol Css, AUC 0--
, C6h, C7h , Tfirst , Cr,rsh Tmax, T200, AUC o-4h , AUC 4- i2h, AUC 6.i2h
>AUCi2-24h for single dose in study arm I and Il and combined l+ll between
novel combined modified release formulation and conventional thrice-daily
replacement therapy - Difference in total S-cortisol Css , AUC 0- , C6h,
C7h , Tfl ist C , Tmax, T200, AUC 0-4 , AUC 4- i 2h, AUC 6-i2h, AUC 12-24h
for multiple dose in study arm I and Il and combined l+ll between novel
combined modified release formulation and conventional thrice-daily
replacement therapy - Difference in total S-cortisol Css, AUC 0.-, Tfl pst
C n181, Tmax, T200 , AUC o-4h , AUC 4-i 2h, AUC 6-I2H , AUC 12-24h for
intercurrent illness dosage regimens in study arm I and Il and combined
l+ll between novel combined modified release formulation and conventional
thrice-daily replacement therapy - Difference in tolerability and safety
between novel combined modified release formulation and conventional t.i.d.
replacement therapy - Difference in tolerability and safety between an
intercurrent illness dosage regimen of the novel combined modified release
formulation in comparison to the conventional t.i.d. replacement therapy. -
Difference in well-being as by SF36, Fatigue Impact Scale, Psychological
General Well Being (PGWB) between novel combined modified release
formulation and the conventional t.i.d. replacement therapy - Difference in
diurnal fatigue score (VAS scale) between novel combined modified release
formulation and conventional t.i.d. replacement therapy- Difference in
patient preference and compliance between novel combined modified release
formulation and conventional t.i.d. replacement therapy - Difference in
patient preference between an intercurrent illness dosage regimen of the
novel combined modified release formulation in comparison to the
conventional t.i.d. replacement therapy. - Difference in 24-hour urinary
free Cortisol excretion between the novel combined modified release
formulation in comparison to the conventional t.i.d. replacement 



therapy. Pharmakokinetics In this study, the plasma plasma exposure of
Cortisol over time was different between o.d. treatment with a novel
modified release dosage form and t.i.d. treatment using a conventional
tablet. Especially the early exposure was more rapid and sustained during
the first four hours after o.d. dosing than after t.i.d. dosing. This was
demonstrated by similar values of Cfirst and T200 and a higher plasma
exposure during the first hours (AUC0-4h). The controlled release part of
the dosage form provides a sustained plasma concentration profile without
any deep through values during the day. In the late afternoon, evening and
night, the plasma plasma exposure of Cortisol was significantly higher for
the t.i.d. than for the OD treatment. Therefore in patients with primary
adrenal insufficiency (Al) Compared to the conventional t.i.d. treatment
compared with, the o.d. treatment resulted in a plasma plasma profile of
Cortisol in these Addison's Disease (AD) patients that significantly more
resembled the circadian diurnal profile of Cortisol in healthy individuals.
Already after three months ' treatment, this change to a more
physiologically relevant Cortisol profile using the same oral dose of
hydrocortisone affected variables for effect, safety and quality of life in
a positive way Tolerability, preference, compliance and safety Although a
majority of the patients (53.4%) assessed the treatments as equally well
tolerated, the patient preference questionnaire at 12 weeks showed that the
benefit of o.d. treatment was assessed as large, or very large, by 85% of
the patients. Over the study period, the mean ordinary Cortisol dose
administered was similar during o.d. (2572 mg) and t.i.d. treatment (2552
mg). The frequency and severity of adverse eventwas smiling among the two
treatment periods demonstrating that the new o.d. treatment was equally as
safe as hydrocortisone administered t.i.d. Study-specific Safety Parameters
In addition to collection of AEs as described above, the following
parameters were collected to compare safety and tolerability of the novel
combined modified release formulation in comparison to conventional
therapy: - Bone formation (osteocalcin) and bone resorption markers (PIPC)
- Glucose homeostasis (fasting plasma glucose, fasting serum insulin,
HbAIc, calculated insulin resistance) - Blood pressure (office) - Serum
electrolytes (S-Na, S-K, S-Ca) - Serum lipid (S-TG, S-cholesterol, S-HDL,
S-LDL) - Weight Reduction in body weight There was during o.d. treatment a
decrease in mean body weight and BMI. This trend was not expected to be
seen as early as within 3 months. The weight reduction was not a global
effect, but mainly seen in those with the higher baseline weight. This also
supports the above reasoning that this finding is due to a more favourable
metabolic effect of the new regime rather than an effect of glucocorticoid
insufficiency. Moreover, previous studies of dose reduction of
glucocorticoid replacement have not been able to see weight loss. Therefore
the diurnal profile produced with the o.d. treatment may be responsible for
the significant weight loss seen in this study.Blood Pressure The mean
systolic blood pressure decreased from 123.5 mm Hg at baseline to 119.8 mm
Hg at 12 weeks during o.d. treatment while it increased to 125.4 mm Hg at
12 weeks during t.i.d. treatment. The difference in change between the
treatments over 12 weeks (-5.5 mm Hg) was statistically significant
(p=0.0001). Similarly, the mean diastolic pressure decreased from 75.9 mm
Hg at baseline to 74.5 mm Hg at 12 weeks during o.d. treatment while it
increased to 77.0 mm Hg at 12 weeks during t.i.d.treatment. The difference
between the treatments in change over 12 weeks (-2.3 mm Hg) was
statistically significant (p=0.0343). To the contrary, the mean heart rate
increased from 65.2 bpm at baseline to 67.4 bpm at 12 weeks during o.d.
treatment while it decreased to 64.5 mm Hg at 12 weeks during t.i.d.
treatment. The increase in heart rate during OD treatment was probably
caused by the sympaticus effects of cortisone. The reduction in blood
pressure is unsuspected as previously well performed trials only reducing
the dose of hydrocortisone from 30 to 15 mg per day have not been able to
demonstrate any effect on blood pressure (19). The only plausible
explanation for these hemodynamic changes during o.d. is the change in the
plasma Cortisol profile. These large changes in both systolic- and
diastolic blood pressure may have important impact on the long-term outcome
in patients with adrenal insufficiency as current data show that this
patient population has reduced life expectancy mainly due to premature
cardiovascular deaths (3, 5). Moreover, the magnitude of these changes are
clinically significant as they equal addition of one anti-hypertensive
agent. The improvement in blood pressure is important in this patient
population since current replacement therapy with glucocorticosteroids is
associated with cardiovascular diseases. The improvement in blood pressure
was even more pronounced also seen in the subgroup of 13 patients with
diabetes DM (difference in change in systolic blood pressure of -3.9 mm Hg
and in diastolic pressure of -3.9 mm Hg, both in favour of o.d. treatment).
Patient with both Addison's disease and DM have higher mortality rate that
patients with Addison's disease alone (5)and hypertension in patients with
DM is one of the most important factor leading to macro- and microvascular
diabetes complications. An important finding is that orthostatic blood
pressure or symptoms related to low blood pressure was not reported and the
fact that mainly patients with blood pressure in the higher range within
the group of patients were the ones with reductions (see Bland Altman plot
in Figure 11) . These supportive data exclude the possibility that the 



reduction in blood pressure was a symptom of glucocorticoid
insufficiency.METHOD FOR DIAGNOSIS OF CANCER AND MON ITORING OF CANCER
TREATMENTS. Technical Field The present invention relates to a method for
cancer diagnosis and for monitoring cancer treatments based on the analysis
of circulating DNA, in particular on the analysis of a specific DNA
fragmentation pattern of repetitive elements or multi copy genes identi
fied in body fluid samples. Background Art Cell free genomic DNA, so called
circulating DNA, which is present in serum, plasma and other body fluids
(i.e. urine, ascites, etc.) at low concentrations (0.2 to 200 ng/ml) is
highly degraded (Wang, et al., 2003, Cancer Res., 63 (14): 3966-8). Upon
suc cessful detection of microsatellite instabilities and tumor specific
mutations (e.g. p53, Kras, EGFR) in circulating DNA derived from tumor
patients (Sidransky, D. et al., 1991 ; Science, 252 (5006): 706-9; Kimura,
H., et al., 2007, Br. J. Cancer, 97 (6): 778-84) it be came obvious that
genomic DNA originating from tumor tissue (circulating tumor DNA) is a
component of circulating DNA in cancer patients (Sozzi, G. et al., 2001 ;
Cancer Res., 6 1 (12): 4675-8; Diehl, F. et al., 2008; Nat. Med. 14 (9):
985-90, Epub 2007, July 3 1) . The level of circulating DNA in tumor
patients has been found to correlate with several biologi cal processes,
i.e. tumor size (Sunami, E. et al., 2008, Ann. N Y Acad Sci. 1137: 171-4)
as well as medical interventions (Chan, K.C.A. et al., 2008, Clin. Cancer
Res., 14 (13): 4141-5). In line, in WO 2006/128192 the use of free
circulating DNA for diagnosis, prog nosis, and treatment of cancer is
claimed. Recently detection and quantification of circulating DNA has been
improved by the analysis of repetitive elements. The repetitive sequences
account for at least 50% of the human genome. About 90% of those human
repetitive sequences belong to transposable elements. Long Interspersed
Elements (LINEs) are one of the superfamilies of those transposon-derived
repeats and account for 20% of the human genome. Three LINE families, LINE1
, LINE2, and LINE3, are found in the human genome. Among those families
only LINE1 (L1 ) is capable of transposition and is most abundant (accounts
for approxi mately 17% of human DNA). The size of the full-length L 1 is
about 6.1 kb. Over 500,000 sequences exist in the entire human genome
(Cordaux, R., 2008, Proc Natl Sci USA, 105(49): 19033-4, Epub 2008, Dec 4).
The use of methylated or unmethylated L 1 in diagnos ing, predicting, and
monitoring of cancer progression and treatment was disclosed in WO 2008/1
34596. However, due to a lack of specificity, the level of circulating DNA
is not a useful clinical marker for cancer diagnosis since too many
confounding biological and physio logical processes seem to affect the
level of circulating DNA, thus hampering its clinical application in cancer
diagnosis. New methods are needed which allow the specific detec tion of
circulating tumor DNA within the circulating DNA sample. Recently,
Ellinger, J., et al. disclosed in Journal of Urology, 2009, Jan, 181 (
1):363-71 , Epub 2008, Nov 17 an increased level of cell free DNA in
patients with testicular cancer by detecting 106 bp, 193 bp and 384 bp
actin-beta DNA fragments. The present invention provides a significant
improvement in the sensitivity and specificity of the method for early
diagnosis of cancer, diagnosis for recurrence of such cancers and
monitoring upon corresponding treatments. Summary of the Invention The
invention relates to a method of diagnosis of cancer, comprising the steps
of: (a) determining a DNA fragmentation pattern of repetitive elements or
multi copy genes represented by 4 to 6 fragments of 80 to 500 bp in a body
fluid sample isolated from a patient suspected to have cancer, (b)
comparing the DNA fragmentation pattern determined in step (a) with a DNA
fragmentation pattern in a reference sample, (c) determining a level of
said DNA fragments which are differentially ex pressed in the sample
isolated from the diagnosed patient compared to the reference sample,
wherein the level of the DNA fragments, if substantially different from the
level in the refer ence sample, indicates that the diagnosed patient is
likely to be suffering from cancer. Furthermore, the invention relates to a
method of monitoring progress or recess of disease in a patient suffering
from cancer and being under cancer treatment comprising the steps of: (a)
determining a DNA fragmentation pattern of repetitive elements or multi
copy genes represented by 4 to 6 fragments of 80 to 500 bp in a body fluid
sample isolated from the monitored patient at the end of treatment,(b)
comparing the DNA fragmentation pattern determined in step (a) with a DNA
fragmentation pattern in a control sample isolated from the same indi
vidual before the treatment, (c) determining a level of said DNA fragments
which are differentially expressed in the sample isolated from the
monitored treated patient com pared to the control sample, wherein the
level of the DNA fragments, if substantially different from the level of
the DNA fragments in the control sample, indicates that the cancer is
likely to be at a more ad vanced stage or less advanced stage in the
monitored patient than in the control sample isolated from the same
patient, or the monitored patient is likely to be less responsive or more
responsive to the cancer treatment. Brief Description of Figures Figure 1A:
Determination of the mean DNA-fragmentation pattern of aftercare breast
cancer patients (n=17, open circles, dashed line) and non diseased/healthy
controls 



(n=10, closed circles) from serum derived DNA. Serum of aftercare patients
is taken before secondary intervention, DNA is isolated and pooled. All
aftercare breast cancer patients develop a metastasis in brain or liver sev
eral months after blood sampling or are suspected to suffer from
metastasis. DNA of healthy controls is isolated but not pooled. The
DNA-fragmentation is analysed in both groups by LINE1 specific real-time
PCR as described in Example 2. The DNAfragmentation pattern of the patients
differs significantly from the non diseased/healthy control group. In the
amplicon range between - 150 and -400 bp the relative amount of DNA is
significantly increased as compared to non diseased/healthy controls and
should be used for diagnosing recurrence. Therefore five or more
DNA-amplicons may be meas ured in that range and used for the calculation
of a DNA fragmentation index (DFI). X-axis: DNA amplicon length (bp),
Y-axis: normalized DNA amplicon level. Figure 1B: Determination of the mean
DNA-fragmentation pattern of aftercare colon cancer patients (n=28, open
circles, dashed line) and healthy controls (n=10, closed circles). Serum of
aftercare patients is taken before secondary intervention. All aftercare co
lon cancer patients develop a metastasis in the liver several months after
blood sampling. DNA of both groups is isolated and analysed by LINE1
specific real-time PCR as de scribed in Example 4. The DNA-fragmentation
pattern of the patients differs significantlyfrom the non diseased/healthy
control group. In the amplicon range between -150 and -460 bp the relative
amount of DNA is increased as compared to non diseased/ healthy controls
and should be used for diagnosing recurrence. Therefore five or more
DNAamplicons may be measured in that range and used for the calculation of
a DNA fragmentation index (DFI). X-axis: DNA amplicon length (bp), Y-axis:
normalized DNA amplicon level. Figure 1C: Determination of the mean
DNA-fragmentation pattern of colon cancer patients with liver metastasis
undergoing liver resection (n=33, open circles, dashed line) and healthy
controls (n=10, closed circles). Serum of cancer patients is taken at the
day of liver resection. DNA of both groups is isolated and analysed by
LINE1 specific real-time PCR as described in Example 4. The
DNA-fragmentation pattern of the patients differs significantly from the
non diseased/ healthy control group. In the amplicon range between - 150
and -780 bp the relative amount of DNA is increased as compared to non
diseased/healthy controls especially at -250 bp and >600 bp. Therefore five
or more DNA-amplicons may be measured in the range between 150-780 bp and
used for the calculation of a DNA fragmentation index (DFI). However, the
range between 150 and 460 bp is sufficient and same sensitivity/
specificity is obtained as for the broader range. X-axis: DNA amplicon
length (bp), Y-axis: normalized DNA amplicon level. Figure 2 :
Determination of the mean DNA-fragmentation pattern of de novo hepato
cellular carcinoma patients (n=17, open circles, dashed line) and control
patients suffering from liver cirrhosis (n=12, closed circles). DNA of both
groups is isolated and analysed by LINE1 specific real-time PCR as
described in Example 3. The DNA-fragmentation pattern of the cancer
patients differs significantly from the control group. In the amplicon
range between - 150 and -463 bp the relative amount of DNA is increased as
compared to diseased control patients. Therefore five or more DNA-amplicons
may be measured in the range between 150-460 bp and used for the
calculation of a DNA fragmentation index (DFI). X-axis: DNA amplicon length
(bp), Y-axis: normalized DNA amplicon level. Figure 3 : Comparative ROC
plot analysis. Diagnosis of HCC based on the DFI (closed circles) and alfa
feto protein method (open circles, dashed line). The DFI is estimated by
the analysis of five LINE1 fragments (148, 204, 249, 321 , and 463 bp) and
computed by using equation [4.1] (see Example 3 for details). The area
under the ROC plot for the DFI based (closed circles) diagnostic method is
-0.89, and forthe alfa feto protein (AFP) based (open circles, dashed line)
method (i.e. ELISA) -0.75. These results indicate the superiority of the
DNA-fragmentation pattern analysis for the diagnosis of HCC as compared to
AFP. X-axis: False positive ( 1-specificity), Y-axis: True positive
(sensitivity). Figure 4 : Box plot diagram comparing the DNA-fragmentation
index in HCC (n=17, left hand side) patients and at-risk patients with
liver cirrhosis (n=12, right hand side). The observed difference is
statistically significant (p=0.004). The DFI is computed accord ing to
equation [4.1] after recording the relative level of five LINE1 fragments
(148, 204, 249, 321 and 463 bp). 1 = Patients suffering from hepatocellular
carcinoma (HCC); 2 = Patients suffering from liver cirrhosis, Y-axis: DFI
(logarithmic scale). Figure 5 : Box plot diagram comparing the
DNA-fragmentation index in colon carcinoma patients with liver metastasis
at the day of liver resection ( 1 , left hand side), aftercare colon
carcinoma patients up to 240 days before surgical or conventional treatment
(2, middle) of liver metastasis and healthy controls (3, right hand side).
Five LINE1 fragments (148, 204, 248, 323 and 463 bp) are analyzed by real
time PCR and the DFI is computed according to equation [4.1] as described
in Example 4. The diagram exemplifies a clear discrimination of cancer
patients from non diseased/healthy controls enabling a robust guess for the
cut off value (in this example the DFI for diagnos ing a relapse is > 200).
X-axis: 1 = colon carcinoma patients with liver metastasis under going
liver resection; 2 = aftercare colon carcinoma patients prior liver
metastasis treat ment; 3 = non diseased/healthy controls, Y-axis: DFI
(logarithmic scale).Detailed Description It has now been unexpectedly found
that a detailed analysis of the DNA f ragmenta 



tion pattern (i.e. the relative abundance of DNA fragments of different
sizes) of circulating DNA based on repetitive DNA elements (e.g. LINE1 ,
SINE1 , LTR) or multi copy genes (e.g. U 1 RNA) by e.g. real-time PCR
represents an improved method for cancer diagnosis and for monitoring
cancer treatments. The DNA fragmentation pattern of healthy, at-risk
patients and cancer patients differs significantly and therefore can be
used for sensitive as well as specific cancer diagnosis and treatment
monitoring (see Examples 1 to 4). To gain clinical significant cancer
specificity a DNA fragmentation pattern is represented by 4 to 6 fragments,
more preferred 4, most preferred 5 fragments; in a length range of 50 to
2000 base pairs, more preferably 80 to 1200 base pairs, most preferably 80
to 500 base pairs. When five fragments in the most preferred range between
80 and 500 base pairs are used for determination of the DNA pattern,
thresholds (cut offs) for the rela tive levels of tested DNA fragments are
used for diagnosing cancer (a relative level of a DNA fragment is defined
by the ratio of the amount of a tested DNA fragment and the amount of the
shortest DNA fragment tested). The relative levels of the tested DNA f rag
ments are the base for computing a DNA fragmentation index using an
appropriate algo rithm. In case of a DNA fragmentation pattern of 5
fragments the optimal size range is for a first fragment (A) 80 - 160 bp,
for a second fragment (B') 200 - 220 bp, for a third fragment (B) 240 - 260
bp, for a fourth (B") fragment 300 - 380 bp, and for a fifth (C) f rag ment
400 - 500 bp. For example, when A=148 bp, B'=204 bp, B=249 bp, B"=321 and
C=463 bp, thresholds for diagnosing cancer are A = 1 (by definition), B' >
0.59, B > 0.46, B" > 0.29 and C > 0.1 3. The identified thresholds define
the region in the DNAfragmentation pattern plot indicative for the
diagnosis of cancer. The DNA fragments can be derived from the same gene /
repetitive element or from different genes (e.g. LINE1 SINE, LINE2, U 1 RNA
etc.). For detection of L INE1 the DNA fragments are in a range of 50 and
2000 base pairs, preferably 80 to 1200 base pairs, most preferred 80 to 500
base pairs. Overall, a sample analysis may be carried out in four
subsequent steps. Step ( 1 ) isolation of circulating DNA, step (2)
quantification of isolated DNA, step (3) quantification of DNA fragments by
real time PCR, and finally step (4) data analysis and computation of the
DNA fragmentation index (DFI), see a detailed protocol in Example 1. The
invention provides a method of determining whether a tested patient is
suffering from cancer. In one such method, a body fluid sample is obtained
from the patient to bediagnosed, and the level of DNA fragments of
repetitive element(s) and/or multi copy genes, preferably LINE1 , in the
sample is determined. The level of the DNA fragments of a fragmentation
pattern of LINE1 in the sample is compared with a control LINE1 DNA
fragmentation pattern derived from a reference sample or a pool of
reference samples, and the result of the comparison used to decide whether
the subject is likely to be suffer ing from cancer. A reference sample is a
sample obtained from a non diseased subject (healthy individual). The
invention also provides methods of monitoring cancer progression and treat
ment, as well as methods for predicting the outcome of cancer. These
methods involve obtaining a body fluid sample from a patient suffering from
cancer to be monitored, deter mining the level of fragments of repetitive
element(s) and/or multi copy genes, preferably LINE1 DNA fragments, in the
sample, and comparing it to a LINE1 DNA fragmentation pattern in a control
sample from a patient or a pool of patients suffering from the corre
sponding cancer. A control patient may be a different patient suffering
from the same type of cancer, or preferably the same patient at a different
time point, e.g., at a different can cer stage, or before, during, or after
a cancer treatment (e.g. surgery or chemotherapy). When compared to the
state of the art the method according to the invention surpris ingly
provides an improved, sustained and/or more effective method of diagnosing
of can cer and/or monitoring of cancer treatment, in particular of primary
liver cancers (e.g. hepatocellular carcinomas), secondary liver cancer
derived from primary breast cancer, primary colorectal cancer, colon
cancer, lung cancer, breast cancer, ovarian cancer, as well as a general
method of monitoring relapse of cancer(s). The general terms used
hereinbefore and hereinafter preferably have within the con text of this
disclosure the following meanings, unless otherwise indicated. The term
"DNA fragmentation pattern" refers to the distribution of DNA fragments.
The DNA fragments differ in length (i.e. number of base pairs) between 50
and 2000 base pairs. The DNA fragmentation pattern can be assessed by
various quantitative and semi quantitative methods, especially by DNA
amplification (i.e. PCR, LCR, IMDA) and DNA hybridization (i.e. array
hybridization) but also by capillary electrophoresis. The minimal DNA
fragmentation pattern used for diagnosis is represented by at least 4 DNA
fragments but not more than 15 fragments differing in length; preferably
between 4 and 6 fragments, more preferably 4, and most preferably 5
fragments. The minimal DNA fragmentation pat tern for diagnosis is
evaluated by recording the DNA fragments in size between 80 and 500 bp (see
Figure 1A, 1B, 1C and Figure 2). The DNA fragmentation pattern is
recordedin a disease positive and a clinical relevant disease negative
control cohort. For optimal discrimination of the two cohorts at least 4
DNA fragments differing in length, preferably between 4 and 6 fragments,
more preferred 4, and most preferred 5 fragments, are com pared. A DNA
fragmentation pattern of cancer subjects is regarded as "substantially
differ ent", if a difference of the DNA fragmentation pattern when compared
to the clinical cohort (obtained by the analysis of the DNA fragmentation
pattern in a reference sample or sev eral reference samples) is
statistically significant (i.e. p  0.05). Statistical significance is
analyzed by computing a mean DNA-fragmentation index and its standard
deviation for each patient / healthy subject and comparing the DFI of two
or more groups (i.e. cancer versus control) using standard statistical
methods (i.e. Student's t-test etc.). The differ 



ence of the mean DNA-fragmentation index of two samples is interpreted as
unequivocally different, if the difference is at least two times the mean
standard deviation of these two samples. The term "repetitive elements"
(also known as "repetitive sequences") defines se quences, wherein a
particular DNA partial sequence is repeated at least four times. Re
petitive elements account for at least 50% of the human genome. Two types
of such e le ments are encompassed: ( 1 ) tandem repeats (i.e.
microsatellites) and (2) transposable elements (i.e. short and long
interspersed elements: SINESs and LINEs), the latter representing 90% of
the overall human repetitive sequences. Three LINE families, LINE1 , LINE2,
and LINE3 account for 20% of the human genome. Among those families only
LINE1 (L1 ) is capable of transposition and is most abundant (accounts for
approximately 17% of human DNA). The term "multicopy genes" relates to gene
sequences with an approximate number of at least 8 copies, e.g. U 1 RNA.
The term "body fluid" refers to any body fluid in which a cellular DNA or
cells (e.g., cancer cells) may be present, including, without limitation,
blood, serum, plasma, urea, bone marrow, cerebral spinal fluid,
peritoneal/pleural fluid, pleural effusions, lymph fluid, spinal fluid,
ascite, serous fluid, sputum, lacrimal fluid, stool, saliva and urine. Body
fluid samples can be obtained from a patient using any of the methods known
in the art. The term "sample" refers to a biomaterial comprising the above
defined "body fluid". The sample can be isolated from a patient or another
subject by means of methods includ ing "invasive" or "non-invasive"
methods. Invasive methods are generally known to the skilled artisan and
comprise, for example, isolation of the sample by means of
puncturing,surgical removal of the sample from the opened body or by means
of endoscopic instru ments. Minimally invasive and non-invasive methods are
also known to the person skilled in the art. The term "minimally invasive"
procedure refers to methods generally known for obtaining patient sample
material that do preferably not require anesthesia, can be routinely
accomplished in a physician office or clinic and are either not painful or
only nomi nally painful. The most common example of a minimally invasive
procedure is venupuncture. Preferably the "non-invasive" methods do not
require penetrating or opening the body of a patient or subject through
openings other than the body openings naturally present such as the mouth,
ear, nose, rectum, urethra, and open wounds. The term "reference sample"
refers to a sample that serves as an appropriate con trol to evaluate the
differential DNA fragmentation pattern according to the invention in a
given sample isolated from a patient diagnosed for cancer; the choice of
such appropriate reference sample is generally known to the person skilled
in the art. Examples of refer ence samples include samples isolated from a
non-diseased organ or tissue or cell(s) or body fluids of the same patient
or from another subject, wherein the non-diseased organ or tissue or
cell(s) or body fluid is selected from the group consisting of tissue or
cells, blood, or the samples described above. For comparison of the level
of the DNA fragmen tation pattern in the sample isolated from a patient
with disease, the reference sample may also include a sample isolated from
a non-diseased organ or tissue or cell(s) of a different patient, wherein
non-diseased tissue or cell(s) is selected from the sample group listed
above. Moreover the reference may include samples from healthy donors,
preferably matched to the age and sex of the patient. The term "control
sample" refers to a sample that serves as an appropriate positive control
to evaluate the differential DNA fragmentation pattern according to the
invention in a given sample isolated from a patient monitored for cancer;
the choice of such appropri ate control sample is generally known to the
person skilled in the art. Examples of control samples include samples
isolated from a diseased organ or tissue or cell(s) or body fluids of the
same patient (at a different point in time) or from another subject,
wherein the d is eased organ or tissue or cell(s) or body fluid is selected
from the group consisting of tissue or cells, blood, or the samples
described above. For comparison of the level of the DNA fragmentation
pattern in the sample isolated from a patient with disease, the control sam
ple may also include a sample isolated from a diseased organ or tissue or
cell(s) of a d if ferent patient, wherein diseased tissue or cell(s) is
selected from the sample group listed above. Moreover the control may
include samples from diseased donors, preferably matched to the age and sex
of the patient.As used herein, a "patient" refers to a human or animal,
including all mammals such as primates (particularly higher primates),
sheep, dog, rodents (e.g., mouse or rat), guinea pig, goat, pig, cat,
rabbit, and cow, dead or alive. In a preferred embodiment, the subject is a
human. In another embodiment, the subject is an experimental animal or
animal suitable as a disease model. The patient is either suffering from
cancer, preferably liver can cer (hepatocellular carcinoma), secondary
liver cancer, breast cancer, colon cancer, lung cancer, prostate cancer,
gastric cancer, ovarian cancer, including also relevant at risk groups for
developing cancer (i.e. patients suffering from liver cirrhosis, patients
with ge netic predisposition for developing cancer, and aftercare
patients), subject to analysis, preventive measures, therapy and/or
diagnosis in the context of a disorder according to the invention. As used
herein, "cancer" refers to a disease or disorder characterized by uncon
trolled division of cells and the ability of these cells to spread, either
by direct growth into adjacent tissue through invasion, or by implantation
into distant sites by metastasis. Exemplary cancers include, but are not
limited to, carcinoma, adenoma, lymphoma, leuke mia, sarcoma, mesothelioma,
glioma, gerrainoma, choriocarcinoma, prostate cancer, lung cancer, breast
cancer, colorectal cancer, gastrointestinal cancer, bladder cancer, pancre
atic cancer, endometrial cancer, ovarian cancer, melanoma, brain cancer,
testicular can cer, kidney cancer, skin cancer, thyroid cancer, head and
neck cancer, liver cancer including 



primary (i.e. hepatocellular carcinoma) and secondary liver cancer,
esophageal can cer, gastric cancer, intestinal cancer, colon cancer, rectal
cancer, myeloma, neuroblas toma, and retinoblastoma. In addition the term
cancer includes primary and secondary tumour sites. Preferably, the cancer
is primary and secondary liver cancer, colorectal can cer, breast cancer,
prostate cancer, lung cancer, ovarian cancer, gastric cancer, bladder
cancer and kidney cancer. The term "liver cancer" within the meaning of the
invention includes carcinomas in the liver, preferably hepatocellular
carcinoma (HCC), metastases in liver originated from any organ (e.g. colon,
breast), cholangiocarcinoma, in which epithelial cell components of the
tissue are transformed resulting in a malignant tumor identified according
to the standard diagnostic procedures as generally known to a person
skilled in the art. Preferably HCC further comprises subtypes of the
mentioned disorders, preferably liver cancers characterized by
intracellular proteinaceous inclusion bodies, HCCs characterized by
hepatocyte steatosis, and fibrolamellar HCC. For example, precancerous
lesions are pref erably also included such as those characterized by
increased hepatocyte cell size (the "large cell" change), and those
characterized by decreased hepatocyte cell size (the"small cell" change) as
well as macro regenerative (hyperplastic) nodules (Anthony, P. in MacSween
et al, eds. Pathology of the Liver. 2001 , Churchill Livingstone,
Edinburgh). Within the meaning of the invention the term "disorder
according to the invention" encom passes cancer as defined above, for
example liver cancer, preferably HCC. The term "treatment" within the
meaning of the invention refers to a treatment that preferably cures the
patient from a disorder according to the invention and/or that im proves
the pathological condition of the patient with respect to one or more
symptoms associated with the disorder, preferably 3 symptoms, more
preferably 5 symptoms, most preferably 10 symptoms associated with the
disorder on a transient, short-term (in the order of hours to days),
long-term (in the order of weeks, months or years) or permanent basis,
wherein the improvement of the pathological condition may be constant,
increasing, decreasing, continuously changing or oscillatory in magnitude
as long as the overall effect is a significant improvement of the symptoms
compared with a control patient. The terms "more or less advanced stage"
and "less or more responsive" is defined by clinical staging standards as
provided by UICC/ International Union Against Cancer: TNM staging
(http://www.uicc.org/index.php?option=com_content&task=view&id=14275&ltemid
=197) or AJCC/ American Joint Committee on Cancer: Cancer Staging Manual/
current 7th ed i tion issued on January 1, 2010
(http://www.cancerstaging.org) reflecting a variety of clinical and
pathological features of different types of cancer. Both staging systems
are well known in the prior art and routinely implemented in clinical
oncology. The significant re sponsiveness of the patient includes a
reduction of primary and if present secondary (me tastases) tumour's
size(s) by 5%, more preferably 10 to 15%, or by change of the initial
staging according to the above mentioned staging systems. LINE1 DNA may
exist as either "cellular" or "acellular" DNA in a subject. "Acellular DNA"
refers to DNA that exists outside a cell in a body fluid of a subject or
the isolated form of such DNA. "Cellular DNA" refers to DNA that exists
within a cell or is isolated from a cell. Methods for extracting acellular
DNA from body fluid samples are well known in the art (Clausen, F.B. et
al., 2007, Prenatal Diagn. 27 (1): 6-10; Ahmad, N.N. et al., 1995, J Med
Genet, 32 (2): 129-30). Commonly, the acellular DNA in a body fluid sample
is sepa rated from cells by cell sedimentation, precipitated in alcohol,
and dissolved in an aqueous solution. Methods for extracting cellular DNA
from body fluid samples are also well known in the art (Sambrook, J. and
Russel, D.W., 2001 , Preparation and analysis of eukaryoticgenomic DNA. In:
Molecular Cloning - A Laboratory Manual, Volume 1, 3rd edition, pp 6.1-
6.32, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York).
Typi cally, cells are lysed with detergents. After cell lysis, proteins are
removed from DNA us ing various proteases. DNA is then extracted with
phenol, precipitated in alcohol, and dissolved in an aqueous solution. The
presence of repetitive element(s) and/or multi copy gene(s), preferably
LINE1 DNA, is/are then detected in the body fluid derived circulating DNA
by using any of the methods well known in the art. Such methods include,
but are not limited to DNA amplification methods (e.g. PCR, LCR and
isothermal multidisplacement amplification), Southern blot, DNA sequencing,
array hybridization, and capillary electrophoresis. The invention relates
to a method of diagnosis of cancer, comprising the steps of: (a)
determining a DNA fragmentation pattern of repetitive elements or multi
copy genes represented by 4 to 6 fragments of 80 to 500 bp in a body fluid
sample isolated from a patient suspected to have cancer, (b) comparing the
DNA fragmentation pattern determined in step (a) with a DNA fragmentation
pattern in a reference sample, (c) determining a level of said DNA
fragments which are differentially ex pressed in the sample isolated from
the diagnosed patient compared to the reference sample, wherein the level
of the DNA fragments, if substantially different from the level in the
refer ence sample, indicates that the diagnosed patient is likely to be
suffering from cancer. Furthermore, the invention relates to a method of
monitoring progress or recess of disease in a patient suffering from cancer
and being under cancer treatment comprising the steps of: (a) determining a
DNA fragmentation pattern of repetitive elements or multi copy genes
represented by 4 to 6 fragments of 80 to 500 bp in a body fluid sample
isolated from the monitored patient at the end of treatment, 



(b) comparing the DNA fragmentation pattern determined in step (a) with a
DNA fragmentation pattern in a control sample isolated from the same
individual before the treatment, (c) determining a level of said DNA
fragments which are differentially ex pressed in the sample isolated from
the monitored treated patient com pared to the control sample,wherein the
level of the DNA fragments, if substantially different from the level of
the DNA fragments in the control sample, indicates that the cancer is
likely to be at a more ad vanced stage or less advanced stage in the
monitored patient than in the control sample isolated from the same
patient, or the monitored patient is likely to be less responsive or more
responsive to the cancer treatment. In one preferred embodiment of the
method according to the invention the DNA fragmentation pattern is
represented by 5 fragments. In a further preferred embodiment of the
invention the DNA fragmentation pattern represented by 5 fragments
comprises a first fragment in a range between 80 and 160 bp, a second
fragment in a range between 200 and 220 bp, a third fragment in a range
between 240 to 260 bp, a fourth fragment in a range between 300 and 380 bp
and a fifth fragment in a range between 400 and 500 bp. One of the
preferred embodiments of the repetitive element is LINE1 , SINE1 or LTR and
of the multi copy gene is U 1 RNA. The most preferred embodiment of the
repetitive element is LINE1 . In another preferred embodiment the body
fluid is blood, serum, plasma, urine, bone marrow, peritoneal fluid, or
cerebral spinal fluid. In a particularly preferred embodi ment the body
fluid is serum or plasma. A preferred embodiment of cancer is liver,
breast, colon, colorectal, lung, prostate, ovarian or gastric cancer.
Further preferred embodiment of liver cancer is primary or secondary liver
cancer. The most preferred embodiment of liver cancer is hepatocellular car
cinoma (HCC). It will be apparent to those skilled in the art that various
modifications can be made to the compositions, methods and processes of
this invention. Thus, it is intended that the present invention cover such
modifications and variations, provided they come within the scope of the
appended claims and their equivalents. All publications cited herein are in
corporated in their entireties by reference. The invention will be further
illustrated below with the aid of the figures and exam ples, representing
preferred embodiments and features of the invention without the inven tion
being restricted hereto.Examples Example 1: Methods of sample analysis and
DNA fragment pattern selection. Overall, sample analysis and fragment
pattern selection is carried out in five subsequent steps. Step ( 1 )
isolation of circulating DNA, step (2) quantification of isolated DNA, step
(3) quantification of DNA fragments by real time PCR, step (4) data
evaluation and fragment pattern selection and finally step (5) computation
of the DNA fragmentation in dex (DFI). Step ( 1 ) : Isolation of
circulating DNA Circulating DNA is isolated from 1 to 2.5 ml frozen (-20
0C) or fresh serum samples using the Qiagen MinElute Virus Vacuum kit (Cat.
No. 57714, Qiagen, Hilden, Germany) following the instructions of the
manufacturer (Qiagen kit manual, 3rd edition, March 2007, page 23-25).
Frozen plasma samples (2 - 2.5 ml) are processed using the Qiagen MinE lute
Virus Spin kit (Cat. No. 57704, Qiagen, Hilden, Germany) following the
instructions of the manufacturer (Qiagen kit manual, 3rd edition, February
2007, page 19-22). Step (2): Quantification of isolated DNA Isolated DNA,
present in a total volume of up to 20 ml , is quantified using the
PicoGreen assay (Cat. No. P 11496, Invitrogen, Carlsbad, CA, USA) following
the instruc tions of the manufacturer (revised version 20-December-2005 /
MP07581). The standard curve ranges from 1 to 100 ng human genomic DNA per
ml (Applied Biosystems, Foster City, CA, USA). Step (3): Quantification of
DNA fragments by real-time PCR For subsequent sample analysis by real-time
PCR 0.02 ng to 0.1 ng of isolated c ir culating DNA is analysed per
reaction. Four or more repetitive gene fragments of different length are
analyzed in parallel by separate real-time PCR reactions. For each reaction
the conditions are as follows: primer (see Table 1 & 2) concentration 50 nM
each and final reaction volume of 25 ml using the 2 x SYBR-Green master mix
(Applied Biosystem, Fos ter City, CA, USA). Samples are cycled in a
two-step mode (see Table 3) for 40 cycles on a "7300 Real Time PCR System"
(Applied Biosystem, Foster City, CA, USA). Human genomic DNA (Applied
Biosystems, Foster City, CA, USA) is used as standard for relative DNA
quantification of each repetitive gene fragments analyzed. Step (4): Data
evaluation and fragment pattern selectionFor each individual patient the
level of each tested gene fragment is normalized to the shortest gene
fragment tested. To compare different patients or risk groups the mean
level of the normalized gene fragment and its standard deviation is
estimated for each amplicon size and each group. To obtain the DNA
fragmentation pattern the mean normalized DNA amplicon level is plotted
versus the amplicon size (see Figures 1A, 1B, 1C and 2). For each
indication of interest the DNA fragmentation pattern is compared to a
clinical relevant control cohort (see Figures 1A, 1B, 1C and 2). The
clinical relevant control cohort presents the clinical subgroups which have
to be discriminated by the diagnostic assay (e.g. liver cirrhosis vs. HCC,
colon cancer / colon cancer recurrence vs. healthy). The DNA-fragmentation
pattern of the disease groups shows a significant deviation form the
clinical relevant control group in hepatocellular carcinoma, metastatic
breast cancer and metastatic colon carcinoma. However, depending on the
indication and the clinically 



relevant control groups, different characteristics of the DNA-fragmentation
pattern curve (i.e. differences and changes of the slope of the curve, area
under the curve) have to be selected for an optimal differentiation As
shown in Example 3 and Figure 2, the slope of the DNA fragmentation pattern
curve of HCC patients between amplicon size 149 and 463 bp differs
significantly from the pattern of liver cirrhosis patients. Therefore, the
region between amplicon size 149 and 463 bp is chosen for selection of a
DNA-fragment pattern to diagnose HCC. A similar region is selected for the
diagnosis of breast cancer and breast cancer re currence (see Example 2,
Figure 1A), as well as colon carcinoma and colon carcinoma recurrence (see
Example 4, Figure 1B & 1C). The comparison of diseased patient and control
donors indicates significant differences in the DNA fragmentation pattern.
There fore optimal diagnosis (high sensitivity and specificity) is obtained
by the combination of the observed differences rather than using a single
discriminator. This advantage is of importance when early or minimal
residual disease status has to be diagnosed rather than highly advanced
disease. Step (5): Computation of the DNA fragmentation index (DFI) For
optimal discrimination of patients and controls the area under the DNA
fragmentation pattern curve may be computed or empiric algorithms may be
used to characterize the DNA fragmentation by a single figure. Such a DNA
fragmentation index (DFI) is further used to compare diseased and control
patients and to define a threshold level (cut off level) for diagnosing
cancer, to monitor treatment response as well as disease progres sion.In an
empiric algorithm the area under the curve as well as ratios and
differences of normalized levels of gene fragments/amplicons are used in
order to compute a DNA fragmentation index (DFI). The DNA fragments used
for the calculation of the DFI are se lected from the DNA fragmentation
pattern of comparing clinical relevant groups (i.e. diseased versus
control). In the example for diagnosing HCC the fragments are selected in
the range between 148 and 463 bp (see Example 3). For three fragments the
DFI is com puted according to equation [1]. DFI3 = F(B)norm/F(A) norm x
F(B)norm/F(C) norm x (F(B)norm - F(C)norm ) [ 1] For four fragments
equation [2] is used and for more fragments the general equation [3] is
used. DFI4= F(B)norm/F(A) norm x F(D)norm/F(A) norm x F(B)norm/F(C) norm x
F(D)norm/F(C) norm x (F(B)norm - F(C)norm ) x (F(D)norm - F(C)norm ) [2} n
n n DFIn = p (F(Xm+i )norm/F(X i)norm ) x p (F(Xm+i )norm/F(Xn)norm ) x |~|
(F(Xm+i )norm - F(Xn)norm ) [3] m=1 m=1 m=1 Legend: DFIn: DNA fragmentation
index calculated using n fragments A, B, C, D indicate four different
amplicon sizes with the order A<B<C<D. .. F(A), F(B), F(C), F(D), F(X):
relative concentration of fragment A, B, C, D, and X, respectively, per ml
body fluid F(A)norm : F(A) normalized to F(A), i.e. 1. F(B) norm , F(C)
norm , F(D)norm : F(B), F(C), and F(D), respectively, normalized to F(A)
X1, X2...Xn indicate different amplicon sizes with the order X1<X2<...<X n
F(X)norm F(X) normalized to F(X1) ; X1 being the shortest DNA fragment)
Alternative more specific calculations, especially for colon and breast
cancer but also for other cancers like HCC, are based on the analysis of at
least five DNA fragments. Here the area under the DNA fragmentation plot
(e.g. estimated by graphical integration) in the amplicon range between 130
and 360 bp ("Area 130 - 360") or between 130 bp and 430 bp ("Area 130 -
430"); and multiplied by the amplicon ratio of fragments between 230 and
270 (F(B)norm ) and 430 and 470 (F(C)norm ) , respectively (see equation
4). For the estimation of the area under the curve at least four different
amplicon sizes should be tested (A, B, B' and B"). For the tested fragment
the order of size is as follows: A<B'<B<B"<C. The optimal size range for
each fragment is as follows: A = 80 - 160 bp B' = 200 - 220 bp B = 240 -
260 bp B"= 300 - 380 bp C = 400 - 500 bp Area = Area(1 30-360) or Area(1 30
- 430) DFIarea = Area x F(B)norm/F(C)norm [4] In summary fragments for
optimal DFI calculation are selected after recording of the
DNA-fragmentation pattern by comparing a disease positive and a clinical
relevant disease negative control cohort (see plot normalized DNA amplicon
level versus. DNA ampli con size). It is found, that the DNA fragmentation
pattern of cancer patients differs significantly from clinical relevant
control cohorts (see Figures 1A, 1B, 1C and Figure 2). The minimal DNA
fragmentation pattern for cancer patient diagnosis records three DNA
fragments: 1) F(A): a short DNA fragment between 80 and 150 bp in length 2)
F(B): a DNA fragment between 200 and 270 bp in length 3) F(C): a DNA
fragment between 360 and 500 bp in length For a more specific and sensitive
method of diagnosis and/or monitoring of cancer more than three fragments
are used, namely additional fragments between 200 and 400 bp are selected
(see Example 3 and 4). It is confirmed that methods using four and more
(preferably five) fragments are superior to methods using only two or three
fragments (see 



Figure 5). In general the DNA fragmentation pattern and subsequently the
DFI can be determined also by using SINE, U 1RNA, beta-actin or other
repetitive elements or multi copygenes. To do so specific primers are
designed, covering the same range of amplicon sizes. However, minor
deviations in amplicon sizes (e.g.  15 bp) due to primer design are
negligible. Table 1: Primer sequences for LINE1. Start/ end indicate the
position of the first and last base of the primer annealing site with
LINE1. R: reverse primer; F: forward primer. For primer combinations see
Table 2. primer primer ID primer sequence 5'->3' start end length (bp)
direction OrBi-178 TGCTTTGAATGCGTCCCAGAG 2848 2868 2 1 r OrBi-177
AAAGCCGCTCAACTACATGG 2720 2739 20 f OrBi-219 GGTTTGAATGTCCTCCCGTA 1073 1092
20 r OrBi-223 GCCCAGGCTTGCTTAGGTA 452 470 19 f OrBi-224
GGCAGGGTATTCCAACAGAC 772 791 20 f OrBi-226 TCCTGAGGCTTCTGCATTCT 1215 1234
20 r OrBi-250 CGAATATTGCGCTTTTCAGA 284 303 20 f OrBi-253 AGATTCCGTGGGCGTAGG
359 376 18 r OrBi-259 CCTCACCAGCAACAGAACAA 986 1005 20 f OrBi-261
TCAGCTCCATCAGCTCCTTT 1170 1189 20 r OrBi-263 CTCAAAGGAAAGCCCATCAG 1633 1652
20 f OrBi-264 TTCCATGTTTAGCGCTTCCT 1862 1881 20 rTable 2 : LINE1 fragments
analyzed by real-time PCR. Primers designed for ampli fication of different
amplicon sizes (bp). For primer sequences see Table 1. amplicon LINE1
fragment ID Primer IDs size (bp) LINE1-A OrBi-250/OrBi-253 93 LINE1-B
OrBi-1 77/OrBi-1 78 148 LINE1-C OrBi-259/OrBi-261 204 LINE1-D
OrBi-263/OrBi-264 249 LINE1-E OrBi-224/OrBi-219 321 LINE1-F
OrBi-224/OrBi-226 463 LINE1-G OrBi-223/OrBi-226 783 Table 3 : Cycling
conditions. Process Cycle number Temperature (0C) Time (s) Initial melting
0 95 600 Melting 1-40 95 15 Annealing/Extension 1-40 72 90 Melting curve
analysis n.a. 65-95 -Example 2 : Relapse diagnosis of metastatic breast
cancer by DNA-fragmentation analysis. The DNA fragmentation pattern of
healthy donors (n=17) and a pool of patients (n=10) with metastatic breast
cancer at various clinical stages is recorded (Example 1) . LINE1 fragments
with indicated bp length are analyzed (see Table 2), normalized, and
plotted (see Figure 1B). The DNA fragmentation pattern (see Figure 1A) of
pooled breast cancer sera indicates an increased level of DNA fragments
between 200 and 400 bp as compared to healthy controls. The DNA
fragmentation index (DFI) is computed for each patient/pool according to
equation [2] (using LINE1-B, LINE1-C, LINE1-E and LINE1-F, see Table 2) as
well as equation [4] (using LINE1-B, LINE1-C, LINE1-D, LINE1-E and LINE1-F,
see Table 2). The mean DFI4 (equation [2]) for healthy control is 0.020.01
compared to 0.64 for the breast cancer pool; thus indicating a potential
cut off around 0.1 . Similar results are obtained using equation [4]. The
mean DFIarea is computed for the area between 148 and 323 bp and is 14677
and 300.5 for non diseased/healthy controls and the breast cancer pool,
respectively. A potential cut off may be around 200. The com putation of
the mean DFIarea for the area between 148 and 463 bp results in 19382 and
449 for non diseased/healthy controls and the breast cancer pool,
respectively. This re sults demonstrates a significantly improved
discrimination/diagnosis of cancer (e.g. metastatic breast cancer) when
compared to methods known in the prior art. Additional improvement may be
generated by the inclusion of characteristic amplicon ratios. As observed
in Figure 1A the slope of the non diseased/healthy control curve between
amplicon 148 and 463 bp decreases faster then for metastatic breast cancer.
A modification of equation [4] may lead to equation [4.1]: DFIarea = Area(1
48-463) x F(B)norm/F(C) norm x F(B')norm/F(A) norm x F(B") norm/F(C) norm
[4.1] A = LINE1-B B = LINE1-D B' = LINE1-C B" = LINE1-E C = LINE1-F
Furthermore, by using equation [4.1] the mean DFIarea is computed to be
6322 and 855 for non diseased/healthy controls and the breast cancer pool,
respectively. A cut offfor the DFIarea around 150 for diagnosing
(metastatic) breast cancer is suggested. The inclusion of curve
characteristics for the diseased group stepwise improves the power of
discrimination of the two cohorts. As compared to the reported two-fragment
based analy sis using the Alu-fragment ratio of 247 bp/ 115 bp (Umetani, N.
et al., 2006, Clin Chem. 52(6): 1062-9) results in a significant difference
(healthy control = 0.460.12 vs. 0.65 for breast cancer pool) but lacks
diagnostic usability. 



The advantage of analysing five DNA fragments in the range of 149 bp to 463
bp clearly indicates the superiority over two, three and four fragments.
Such five DNA f rag ment analysis represents a significant improvement in
cancer diagnosis, especially in clinical situations of minimal residual
disease, early diagnosis and early recurrence detec tion. Example 3 :
Diagnosis of hepatocellular carcinoma by DNA-fragmentation analysis. The
DNA fragmentation pattern of patients with liver cirrhosis (at-risk
patients) and patients with HCC is recorded as indicated in Example 1).
LINE1 fragments with indicated sizes are analyzed (see Table 2),
normalized, and plotted (see Figure 2). Figure 2 shows a significantly
different curve of the DNA fragmentation pattern of HCC patients as com
pared to at risk patients suffering from liver cirrhosis. Therefore, the
diagnosis of HCC may be obtained by recording the DNA fragmentation pattern
in the indicated range of 148 to 783 bp, but at least between 148 and 463
bp and comparison with the DNAfragmentation pattern of patients with liver
cirrhosis and/or chronic hepatitis C. The DNAfragmentation pattern of HCC
patients differs most significantly from the control group between 204 and
463 bp. Computation of DFI is performed according to equation [1], [2] and
[4.1]. In order to optimize the LINE1 pattern defining the difference
between patient and control group with highest sensitivity and specificity;
the computation of the DNA fragmentation index fo cuses on the region
between 148 and 463 bp. The data are summarized in Table 4 and 5. The area
under the curve of the ROC plot increases from 2 to 5 LINE1 fragments (see
Table 4), in addition the 95% confidence interval between patient and
control groups are better separated when 4 and 5 LINE1 fragments are
implemented (see Table 5), therefore the cut off value becomes more clear
cut in these diagnostic tests. For the 4 and 5 f rag ment based diagnostic
assay potential cut offs may be defined between the two nonoverlapping
confidence intervals (i.e. 0.9 and 196.0 for the 4 and 5 fragment based
test, respectively). This is not possible for the 2 and 3 fragment based
test (see Table 5) since the confidence intervals are overlapping.A ROC
plot (Altman, D.G. and Bland, J.M., 1994, Diagnostic tests 3: receiver oper
ating characteristic plots, BMJ 309, 188; Zweig, M.H. and Campbell, G.,
1993, Clin Chem. 39(4): 561-77) is performed (see Figure 3) in order to
show the superiority of the DNA fragmentation analysis as compared to alfa
feto protein (AFP) analysis, the molecular standard diagnosis of HCC. The
area under the ROC plot for AFP is 0.750.09 which in dicates that a
DNA-fragmentation-pattern based diagnosis is superior, independently how
many LINE1 fragments are used (see Table 4). Also by box plot analysis
(Figure 4) the differentiation of cancer (i.e. HCC) and at-risk patients
(i.e. cirrhosis) by DNA fragmenta tion pattern analysis becomes obvious.
Overall, the DNA fragmentation of HCC patients differs significantly from
the con trol cohort of patients suffering from liver cirrhosis (see Figure
2). The superiority of the DNA fragmentation pattern analysis as diagnostic
tool as compared to AFP analysis, and the improvement by multi-DNA fragment
analysis is clearly recognizable. Furthermore, there are several
possibilities to compute a DFI based on the DNA fragments analysis. An
optimal algorithm may represent the differences (i.e. sign and magnitude)
and the changes (i.e. infliction point) of the slope of the DNA
fragmentation pattern by combining appropriate fragment ratios and
differences of the relative fragment levels. The general equation [3]
(equation [1] and [2] are derived from the general equation [3] for 2 and 3
DNA fragments, respectively) and the equations [4] and [4.1] are given as
examples for such algorithms. To expand the use of the diagnostic test for
diagnosing HCC in at risk patients suffering from chronic hepatitis C or B,
the DNA fragmentation pattern in these groups is recorded and analysed as
indicated in Example 1 and 2. In principal, the same LINE1 fragments as
used for the diagnosing HCC in at risk patents suffering from liver
cirrhosis may be used for diagnosing HCC in at risk patients suffering from
chronic hepatitis C or B.Table 4 : Comparing 2, 3, 4 and 5 LINE1 fragment
based HCC diagnosis. Four and five fragment based diagnostic methods are
superior to two and three fragment based methods as indicated by the
increase of the area under the ROC plot. No. of LINE1 am- Area under DFI
DFI LINE1 f rag plicon size curve of ROC ments (bp) Equation used (mean
SD) (median) plot Ratio of 249/148 148, 249 0.480.1 1 0.46 0.820.09
(Umetani et al., 2006) 148, 249, [1] 0.360.29 0.25 0.780.09 483 148, 204,
[2] 0.590.92 0.23 0.900.06 249, 463 148, 204, 249, 321 , [4.1] 351 255 285
0.890.06 463 Table 5 : Comparing 2, 3, 4 and 5 LINE1 fragment based HCC
diagnosis. Four and five fragment based diagnostic methods are superior to
two and three fragment based approaches as indicated by the comparison of
mean and 95% confidence 



intervals of the two patient groups. The observed difference is of
advantage for the definition of the cut off value. The DFI is computed as
indicated in Table 4. HCC Liver cirrhosis No. of DFI DFI LINE1 frag- " 95%
confidence " 95% confiments (mean  SD) interval (mean  SD) dence interval 2
0.480.1 1 0.42 - 0.54 0.360.1 1 0.29 - 0.43 3 0.360.29 0.21 - 0.51 0.150.1
1 0.08 - 0.22 4 0.590.92 0.12 - 1.06 0.0360.031 0.02 - 0.06 5 351 255 219.9
- 482.1 111.355.5 48. 1 - 174.5Example 4 : Relapse diagnosis of metastatic
colon cancer by DNA-fragmentation analysis. The DNA fragmentation pattern
of healthy donors (n=10), patients with metastatic colon cancer undergoing
liver resection (n=33) as well as of aftercare patients with colon cancer
(n=28) are recorded (as indicated in Example 1) . LINE1 fragments with
amplicon length between 148 and 783 bp (see Table 2) are quantified by real
time PCR, normal ized, plotted and finally a DNA fragmentation index (DFI)
is computed. The serum derived DNA fragmentation pattern of healthy donors
is compared with the serum derived DNA fragmentation pattern of colon
carcinoma patients at two different time points and different clinical
stages: ( 1 ) patients with liver metastasis undergoing liver resection -
time point of blood drawing: liver surgery (named group 1) (2) aftercare
patients with colorectal carcinoma - time point of blood drawing be fore
surgery or conservative treatment of the liver metastasis (named group 2)
In Figure 1C the DNA fragmentation pattern of non diseased/healthy controls
versus group 1 is shown. The fragmentation patterns differ significantly. A
maximum at around 250 bp and an increase of DNA fragments longer than 600
bp are dominating the f rag mentation pattern of the cancer patients (see
Figure 1C). The DNA fragmentation pattern of aftercare patients (group 2)
with significantly lower tumour burden is shaping the DNA fragmentation
pattern curve in a way that the maximum at -250 bp is reduced to a weak
shoulder (see Figure 1B). Therefore a sensitive diagnosis of distant tumour
recurrence based on DNA fragmentation has to take the DNA-fragmentation
pattern between 148 and 463 bp into account in order to accumulate the
differences between the two patterns. The DNA fragmentation index (DFI) is
computed for both colon cancer groups using equation [4.1]. Accordingly a
DFI threshold for disease free subjects, based on the non diseased/healthy
control group, is estimated to approximately 100. A DFI of 200 may a l
ready indicate a relapse. The box plot in Figure 6 compares the DFI
(equation [4.1]) of group 1 patients and group 2 patients and non
diseased/healthy controls. Both patient groups can be optimally separated
from the healthy control group. The observed differences are statistically
significant. In both clinical situations the sensitivity and specificity of
the method is 100% (ROC plot not shown). These results indicate that the
developed method is appropriate to monitor cancer patients (i.e. colon
carcinoma, breast, cancer, prostate cancer, lung cancer etc.) for relapse
diagnosis in order to achieve early diagno sis. This method may also be
used as a surrogate marker of tumour response to newtreatments. As shown
already in Example 3, the diagnostic method may also be used as a marker
for diagnosis of a primary tumour. The superiority of the multi-fragment
analysis is indicated in Table 6. In Table 6 a two fragment based index
(Umetani et al. 2006, J. Clin. Oncol. 24 (26): 4270-6) is com pared with
the five fragment based DFI according to equation [4.1]. The indices for
group 2 and non diseased/healthy controls are computed and finally the area
under the ROC plot is estimated (comparing diseased versus non diseased/
healthy control). The high sensitivity and specificity also indicates that
the five-fragment-based assay could identify patients even earlier then
tested in this study (the blood samples of the patients of group 2 are
obtained up to 240 days before liver resection or conventional treatment).
As already shown in Example 3, the selection of strong cut off values is
improved by the fivefragment- based assay as compared to two-, three- or
four-fragment-based assay(s). Table 6 : Comparing the diagnostic power of a
five- vs. a two- DNA -fragment- based assay. Patient group Number of DNA
amplicon Equation for in Area under DNA f rag sizes (bp) dex calculation
ROC plot ments Group 2 vs. 2 148, 249 Umetani et al. 0.780.07 Healthy 2006
Group 2 vs. 5 148, 204, 249, 4.1 1 Healthy 321 , 463 Example 5 :
Surrogating therapy response of cancer treatment by DNA fragmentation
analysis. The serum derived DNA fragmentation pattern of a cancer patient
before and at the end of an anti-cancer treatment is recorded in
triplicates. Subsequently from samples at both time points the mean DNA
fragmentation index and its standard deviation is calcu lated. The mean
DNA-fragmentation indexes in samples of both time points are compared with
each other. A difference of the mean DNA-fragmentation indexes greater than
twotimes the mean standard deviation is interpreted as unequivocally
different. If the DNAfragmentation index has unequivocally increased after
treatment the patient is classified as non-responder. Responders are
characterized by an unequivocal decrease of the DNA-fragmentation index at
the end of the treatment. A difference of the DNAfragmentation index which
is not unequivocally different indicates no change and can be 



interpreted as stable disease. A clinical validation of the use of the
DNA-fragmentation index as a surrogate for treatment response can be
obtained by the correlation of the DNA-fragmentation index derived
classification with the clinical outcome and/or with tu mour-imaging
data.Claims 1. A method of diagnosis of cancer, comprising the steps of:
(a) determining a DNA fragmentation pattern of repetitive elements or multi
copy genes represented by 4 to 6 fragments of 80 to 500 bp in a body fluid
sample isolated from a patient suspected to have cancer, (b) comparing the
DNA fragmentation pattern determined in step (a) with a DNA fragmentation
pattern in a reference sample isolated from a patient not suffering from
cancer, (c) determining a level of said DNA fragments which are
differentially expressed in the sample isolated from the diagnosed patient
compared to the reference sample, wherein the level of the DNA fragments,
if substantially different from the level in the refer ence sample,
indicates that the diagnosed patient is likely to be suffering from cancer.
2. The method according to claim 1, wherein the DNA fragmentation pattern
is repre sented by 5 fragments. 3. The method according to claim 2, wherein
the first fragment is in a range between 80 and 160 bp, the second fragment
is in a range between 200 and 220 bp, the third fragment is in a range
between 240 and 260 bp, the fourth fragment is in a range between 300 and
380 bp and the fifth fragment is in a range between 400 to 500 bp. 4. The
method according to any of claims 1 to 3, wherein the repetitive element is
LINE1 , SINE1 or LTR and the multi copy gene is 111 RNA. 5. The method
according to any of claims 1 to 4, wherein the repetitive element is LINE1
. 6. The method according to any of claims 1 to 5, wherein the body fluid
is blood, se rum, plasma, urine, bone marrow, peritoneal fluid, or cerebral
spinal fluid. 7. The method according to any of claims 1 to 6, wherein the
body fluid is serum or plasma.8. The method according to any of claims 1 to
7, wherein cancer is liver, breast, colon, lung, prostate, ovarian or
gastric cancer. 9. The method according to any of claims 1 to 8, wherein
liver cancer is primary and secondary liver cancer. 10. The method
according to any of claims 1 to 9, wherein primary liver cancer is hepa
tocellular carcinoma. 11. A method of monitoring progress or recess of
disease in a patient suffering from cancer and being under cancer treatment
comprising the steps of: (a) determining a DNA fragmentation pattern of
repetitive elements or multi copy genes represented by 4 to 6 fragments of
80 to 500 bp in a body fluid sample isolated from the monitored patient at
the end of treatment, (b) comparing the DNA fragmentation pattern
determined in step (a) with a DNA fragmentation pattern in a control sample
isolated from the same indi vidual before the treatment, (c) determining a
level of said DNA fragments which are differentially ex pressed in the
sample isolated from the monitored treated patient compared to the control
sample, wherein the level of the DNA fragments, if substantially different
from the level of the DNA fragments in the control sample, indicates that
the cancer is likely to be at a more ad vanced stage or less advanced stage
in the monitored patient than in the control sample isolated from the same
patient, or the monitored patient is likely to be less responsive or more
responsive to the cancer treatment. 12. The method according to claim 11
wherein the DNA fragmentation pattern is repre sented by 5 fragments. 13
The method according to claim 12, wherein the first fragment is in a range
between 80 and 160 bp, the second fragment is in a range between 200 and
220 bp, the third fragment is in a range between 240 and 260 bp, the fourth
fragment is in a range between 300 and 380 bp and the fifth fragment is in
a range between 400 and 500 bp. 14. The method according to any of claims
11 to 13, wherein the repetitive element is LINE1 , SINE1 or LTR and the
multi copy gene is U 1 RNA.15. The method according to any of claims 11 to
14, wherein the repetitive element is LINE1 . 16. The method according to
any of claims 11 to 15, wherein the body fluid is blood, serum, plasma,
urine, bone marrow, peritoneal fluid, or cerebral spinal fluid. 17. The
method according to any of claims 11 to 16, wherein the body fluid is serum
or plasma. 18. The method according to any of claims 11 to 17, wherein
cancer is liver, breast, colon, lung, prostate, ovarian or gastric cancer.
19. The method according to any of claims 11 to 18, wherein liver cancer is
primary and secondary liver cancer. 20. The method according to any of
claims 11 to 19, wherein primary liver cancer is hepatocellular carcinoma. 


