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INTRODUCTION

An attractively simplistic distinction to make is the one between the
ambiguity and allusion of art forms and the linear progression of scientific
thought from insight to hypothesis to experiment. The reality of course is that
science is a confusion of imagination and endeavour. For a profession such as
ours, therefore, which must be research based and forward-looking, there is an
inescapable conclusion: We are not observers of the future so much as agents of
change.

To that extent neither a bleak nor an optimistic view of the future
represents an objective reality, and either can be self-fulfilling. I wish to
suggest that the clinical science of nuclear medicine has not yet run its
course. I am reminded of a physicist who was providing advice to one of his
graduate students in the late nineteenth century. He contemplated the
comfortable analogy of reality provided by the Bohr atom and said, in effect,
"that physics had yielded nearly all of its secrets," and he suggested to the
student that he might like to make a career elsewhere.

What I propose to do is to describe a general frame of reference for the
future of nuclear medicine and then look at certain particular examples of that
future. It will become obvious that I am not about to suggest that we make our
careers elsewhere.

FRAME OF REFERENCE:

My thesis is a simple one. It is that:

The most powerful single tool available to us to study bodily function of life
is positron emission tomography (PET). What can now be achieved by PET should
provide the impetus for the developments in nuclear medicine which will be
applied to the evaluation of disease five and ten years from now, perhaps using
single photon emission tomography (SPET).

However, I believe we must also do more than look introspectively at our
clinical science; we must put it in a wider perspective.

CARDIAC NUCLEAR MEDICINE

The investigation of heart disease has been one of the major growth areas
in nuclear medicine during the last decade.

Cardiology, has in large part, focussed in particular on coronary artery
atherosclerosis (CAA). There are, conceptually, three approaches to this
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disease now possible using radionuclide methods:

1. Myocardial perfusion imaging - Tl-thallous chloride.

2. Myocardial function/wall motion imaging- Tc-red blood cells.

3. Myocardial infarct imaging- Tc-pyrophosphate.

The role of nuclear medicine has come to be chiefly that of selecting out, among
patients with a high probability of CAA, those to be investigated by more
rigorous and invasive means. Epidemiologists call this selective screening as
distinct from whole-population screening, but like any screening method such
techniques should have the following attributes:

1. Low false negative rate (or high negative predictive value).

2. Low cost.

3. Low risk.

4. High patient acceptability.

Radionuclide methods meet those constraints but it is useful to examine the
changing technology. The next generation of computed tomographic (CT) scanners
is appearing with an exposure time of 50 milliseconds. Such a prototype device
has been built at the Mayo Clinic with exposure times of 20-40 msec. These
devices permit serial cardiac images to be made without gating. The use of
contrast media will permit studies of contrast density and hence blood flow
reserves, particularly using digital angiography. However, digital angiography
has not reliably proved able to yield images of the smaller branches of the
coronary arteries.

Thus for the forseeable future (1) the evaluation of the patient with
ischemic heart disease, prompted by considerations of safety and cost-
effectiveness, may be as follows:

Coronary anatomy: selective arteriography (?digital subtraction).

Global and regional left-ventricular function: radionuclide
ventriculography, rapid CT, echocardiography.

Myocardial perfusion: PET, SPET, dynamic CT.

Myocardial metabolism: PET, i-iRI.

Myocardial tissue characterization: MRI, ultrasonography, PET.

Receptor studies: sclntigraphy, SPET, PET.

The bedside use of radionuclides is also a major factor to consider in this
context because nuclear magnetic resonance (NMR) and CT machines are fixed and
potentially inaccessible to the very sick, and this is particularly true in
respect of NMR.
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Parenthically one can add how little simple operational research has been
done in comparing these methods and how poorly designed has been that which has
been done.

PET does offer the nearly unique capacity to study myocardial metabolism
and this has been done with "F-fluorodeoxyglucose. However, the usual
cardiac metabolic substrate is free fatty acid and iodinated free fatty acids
have been extensively investigated as agents for myocardial imaging. Tellurium
substitition into free-fatty acids causing them to block metabolic pathways (2),
by analogy with fluorodeoxyglucose., may be a method by v;hich such agents can
become clinically relevant.

Horizons need not be limited to the concepts which already define practice.
With the observation that I-metaiodobenzylguanidine (MIBG) localizes in
tumors of the adrenal medulla and some analogous tissues (3) its use reveals
localization at sites where APUD cells (that is cells with a high amine content,
cells which show enhanced amine precursors or uptake and which have the property
of decarboxylation) are richly present. Quantitative studies of MIBG uptake in
the heart and other organs are underway in several centres (4). It may well be
that such studies are the first skirmishes in the single photon equivalents of
PET receptor studies.

In terms of both capital and operating expense as well as availability and
the modest radiation exposures involved, it seems likely that radionuclide
methods will remain a vital part of cardiac investigation.

NEURO-PSYCHIATRIC NUCLEAR MEDICINE

The central nervous system is the site of diseases which have enormous
socio-economic consequences. Such diseases include the psychoses, cerebro—
vascular disease and the pre-senile dementias such as Alzheimer's disease. In
ageing populations such as those in Western countries the adequate care of
patients with these diseases is vital both from the perspective of the patient
and his or her family, and society. And yet there is not, as yet, even a
satisfactory nosology in respect of the psychoses. The availability of an
objective standard by which to at least diagnose and classify the psychoses is
crucial to any hope that such disorders can be treated more effectively than at
present.

The sheer scale of this problem is reflected by the fact that in the US and
Canada Alzheimer's disease afflicts from 1.6 to 2.2 million persons and in
excess of 110 000 die of it each year. One in eight Canadians can expect, for
example, to be hospitalized for mental illness at least once during his or her
lifetime with schizophrenia causing about 30 000 hospital admissions yearly in
Canada.

Of course the wish for an objective means of diagnosis does not create the
reality. However, PUT does seem to be on the verge of bringing some order to
the nosology of psychiatric disorders. The difficulties which have had to be
overcome reflect the complexity of the technology: The understanding of novelty
effects and the need to examine untreated patients are typical constraints (5).
Nevertheless, there is now general agreement that in chronic schizophrenia the
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frontal regions are characterized by less glucose consumption than the occipital
regions, perhaps particularly on the left. Reduced glucose uptake has also been
reported in the frontal regions of the brains of depressed patients.

Receptor studies promise to change the diagnosis of brain disease even more
dramatically as has been pointed out by Wagner (6). For example, patients with
Parkinson's disease have a decrease in both dopamine synthesis and dopamine-
receptor levels between the ages of 19 and 70, and more marked in men. This
subject has been the subject of several reviews (7-10).

The role of PET in neuro-psychiatric diagnosis and research has become
accepted as having a major influence upon the neurosciences (9,10).

Already a partial list (8) of PET radiopharmaceuticals includes more than
70 compounds which have been developed and most are potentially of use in
respect of central nervous system investigation.

Of more immediate importance in nuclear medicine has been the use of PET to
validate studies using iodinated amphetamine analogues (11). Although not yet
fully understood, these agents are capable of imaging the brain in a
distribution which has some relationships to blood flow (12).

123
Clearly the further understanding of I-iodamphetamine, linked to a

wider availability of I, may well lead to a renaissance of brain
scanning in nuclear medicine.

CANCER DIAGNOSIS-DIRECT TUMOR SCINTIGRAPHY (12a)

I have recently had cause to reflect upon direct tumor scintigraphy and it
occurs to me that it is archetypical context in which we have failed to come to
grips with the strengths and weaknesses of what we do.

I define direct tumor scintigraphy as the methods which seek to reflect the
immediate presence of tumor deposits (e.g. 7Ga scintigraphy, cancer radio-
immunodetection), rather than reflect the epiphenomena caused by tumors (e.g.
the increase.in exchangeable calcium in proximity to a bone metastasis as
revealed by Tc-methylene diphosphonate).

To date direct tumor scintigraphic methods have nearly uniformly been
validated by reference to the presence of focal radiotracer uptake at sites
which are subsequently shown, by whatever methods, to represent or not represent
sites to which tumor has spread. Thus various analyses, some of which I must
admit to, have found various percentages of metastases detectable in one or
other kind of cancer, and that various proportions of different cancers are, or
are not, imaged.

However, neither radioimmunodetection nor radiogallium scintigraphy have
proved consistently capable of being used to detect tumors of less than 1.0 or
1.5 cm in diamger (13,14). Such tumor masses represent enormous cell
populations, of the order of 10 ^ cells. While immunoscintigraphy, in
particular, is probably capable of refinement, an increase in detection
sensitivity of even two orders of magnitude will mean that tumor masses of up to

1011 cells will be undetectable. Not only are such lesions the cause of
serious disease but even one malignant cell is potentially lethal.
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The substantial problem represented by improving any technology by two
orders of magnitude is reflected by the fact that two decades of intensive
physical engineering and computational development has resulted in the system
linear resolution of the Anger gamma camera improving by a factor of only about
two, admittedly while field uniformity has increased by about an order of
magnitude.

As tumor scintigraphy is refined during the next two decades we will be
driven by our oncologist colleagues to detect even smaller tumor cell masses. I
submit that there is no realistic technology which can be anticipated in the
near future which might allow us to achieve scintigraphic techniques to meet
these morphological constraints of cancer medicine.

Now to predict that something is impossible in science is to risk being
overtaken by events. It seems to me, however, that, within the lifetimes of
present investigators, the existing goals of tumor scintigraphy are simply
unrealistic. Moreover, I believe that they are capable of being replaced by
other goals which are realistic and relevant.

I propose that the validation of direct tumor sciutigraphy should not be
based upon methods which document tumor size and number and which record the
success or failure of tumor scintigraphy in these structural terms. Rather we
should exploit the power of nuclear medicine to reflect some of the
pathophysiological characteristics of a tumor. We need to know the invasiveness
of a cancer, its degree of differentiation or anaplasticity, or whatever other
characteristics are necessary to understand if a given tumor is likely to have
metastasized and, in effect, have escaped from the potential for local cure.
This definition of the local curability or incurability of cancers is, after
all, what determines treatment: On the one hand by surgery or radiation or both,
and on the other by systemic treatment such as chemotherapy. Thus we suggest
that research be directed to replacing the present morphological or anatomical
scintigraphic methods of tumor staging by a "functional staging".

In effect it seems to me that the question most often to be answered by
tumor scintigraphy should not be:

Does this patient's tumor have morphological evidence of having
metastasized, although many or all of these will be micrometastases
which I cannot hope to demonstrate?

but, rather should be:

Does this patient's tumor have biological characteristics (of
anaplasticity, invasiveness or otherwise) which lead me to expect
that it will metastasize, whether or not I can demonstrate such
metastases?

If scintigraphic techniques are to be directed to this second question not
only will the answers be intrinsically more powerful in patient care but they
will require quite different approaches to validation. Research must bo
directed to determining the relationship between tumor uptake (possibly
quantitative) of a radiopharraaceutical, or radiopharmaceuticals, and the
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subsequent behaviour of that tumor in terms of patient outcome, rate of disease
progression, or similar parameters.

Present programs to develop tumor scintigraphic agents may still be
relevant but their success or failure must thus be judged by different criteria.
Also, if the present initiatives in immunosclntigraphy lead to agents which
localize in tumors to an adequate degree, then their labelling with alpha or
beta emitters may permit the treatment of tumors which are occult to present
physical means of detection. Yet the administration of such powerful agents for
therapy, particularly at that early stage in the evolution of a tumor when they
are most likely to be effective, must be predicated on some rational
anticipation of how any given tumor is likely to behave biologically.

Nor need this be idle speculation pending the development of yet other
radiopharmaceuticals. Radiolabelled bleomycin may, when used, already reflect
DNA mass, and tracers serving as analogues of DNA precursors have been
investigated. Radiolabelled hematoporphyrin analogues possibly serve as markers
of cell division rates. A recent report concerning the uptake of radiogalliura
in fetal cells found that uptake to best fit with rates of cell division (15)
and it may be that 'Ga-citrate has been telling us all along something
that we have consistently ignored because of our preoccupation with a different
and less relevant question. Conceivably certain existing or proposed labelled
monoclonal antibodies, if their uptake is measured in quantitative terms
proportional to a tumor mass, reflect its degree of cellular differentiation or
anaplasticity; other such tracers may reflect invasiveness or other crucial
functional characteristics of a cancer. There is already evidence that *-P
in vivo tumor NMR spectroscopy is providing evidence in the context we
propose (16), if not formally conceptualized as "functional tumor imaging".
This approach may or may not need new agents: The recognition of the goals to
which tumor imaging is redirected, nevertheless, has to precede the definition
of the best radiopharmaceutical agents with which to meet those goals.

In essence I wish to suggest that tumor scintigraphy be brought into the
mainstream of diagnostic nuclear medicine as a method for examining the
behaviour of tumors, not recording their presence. The mere fact of their
presence can, with many limitations, be more readily ascertained by prosaic
methods such as computed tomography. Those limitations are defined by both
spatial and contrast resolution and, for the forseeable future, appear
formidable. The presence of formidable obstacles on a path one does not wish to
take is, I suggest, irrelevant.

OTHER CLINICAL APPLICATIONS OF RADIONUCLIDE METHODS

Without question one use of radionuclide methods which is
idiometric assays involving chiefly I and ^C« These at

declining is that
of radiometric assays involving chiefly 4"CJI and i£*C» These are being
replaced by such techniques as enzyme and fluorescent immunoassays. The result
is that nuclear medicine will almost certainly become more and more involved
with in vivo diagnosis.

In this context the tracer method has unique advantages which are not open
to completion from any other "imaging" methods. One example is in studying the
flux of radiolabelled cells in a tumor or a site of infection.
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The uptake of receptor and transmitter compounds, already alluded to, is a
domain which as yet only exists in any real sense in PET methods (10). However,
a number of such systems can be identified (17) and it seems reasonable to
anticipate that further investigation may lead to radiolaballed compounds for
use in this context which can be detected either by simplified PET methods (6)
or by quantitative or semi-quantitative SPET if that difficult goal can be
achieved.

If there is one criticism that can be made of our thinking in nuclear
medicine it is that we are conditioned to think of our specialty in respect of
in vivo diagnosis as dominated by the Anger camera, and mTc. If
those technological choices are made for sound reasons, so be it. However, if
we define our skills in terms of machines we become technologists. That is why
I believe we should be alert to the relevant aspects of NMR spectroscopy and to
innovations such as the use of a multi-wire proportional counter and the
tungsten-tantalum generator recently employed in US National Aeronautics and
Space Agencies programs (18,19). This is a technology that could rapidly be
transposed to the intensive or coronary care units of acute hospitals and which
is very inexpensive in comparison with other methods of imaging the heart.
Single photon ring detectors also represent an uncertain equation in terms of
cost-benefit.

Otherwise, as I have had reason to suggest, there is still the potential
for innovative radiopharmaceutical developments such as the use of

I-MIBG, in this instance both in the diagnosis and treatment of
metastatic pheochromocytoma (20). In relation to treatment with this and other
possible therapeutic agents certain logistical problems in respect of patient
access and preparation of the material in "hot" cells need to be overcome.

THE POLITICAL ENVIRONMENT:

We cannot be so naive as to imagine that we practise medicine in a vacuum.
Indeed there are some factors that strongly inhibit the development of nuclear
medicine in Canada. There are also some instructive differences between Quebec
and Uttermost Canada. I use the term Uttermost with intent. Nuclear medicine
in Quebec has become strong by securing its independence. That independence
should not lead to its isolation.

What are the ingredients of our disarray? I believe I can identify some of
them:

(a) Research Funding: The radiological sciences are seriously underrepresented
on the granting agencies in Canada. The result is that, for example, the
National Cancer Institute has not spent one penny on NMR (or MRI) research in
this country.



- 61 -

The Medical Research Council-Royal College of Physicians and Surgeons of
Canada Joint Task Force on Clinical Scientists has concluded that:

"....(S)ome types of clinical research activity
usually go unfunded in the present MRC peer review
system. Clinician scientists, in fields such as
surgery and radiology, may wish to perform innovative
research involving novel operative or non-operative
procedures and diagnostic techniques. Such projects
may involve either animal or human subjects and lead
to advances in diagnosis and therapy, sometimes of
benefit to large numbers of patients."

A simplistic view is that research in this field in Canada does not matter
since the relevant investigations are going to be done anyway by business
interests or in universities in the United States. I submit that if we accept
that view we will be forever behind and forever unable to attract good Canadian
physicians to our programs and our specialty.

I believe that there is need for support of investigative nuclear medicine
in Canada. If it is too late to expect support on the scale of the Commission
de l'Energie Atomique in France then we can hope for soiae recognition of our
needs.

(b) Administration: As a radiologist I do not seriously question the fact that
the academic affiliation of nuclear medicine physicians should be within
university or radiology departments. I do think a case to the contrary can be
made in terms of some administrative autonomy.

Sh

•VGH
• us

>UBC

• WHSC
^•TGH •SCH

• MU

»RAH

Table 1. Subjective assessment of the effectiveness of nuclear medical

teaching units in Canada as a function of their autonomy.
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If one plots the effectiveness of a number of nuclear medicine units across
Canada as a function of autonomy (Table 1) it seems to me, and this is highly
subjective, that the relationship is nearly linear. I do not wish to make much
of subtle differences, but I think one can broadly distinguish the strong Quebec
presence in nuclear medicine, along with a few effective centres in English
Canada. There is an intermediate group where the centres are either autonomous
or in which the presiding radiologist understands nuclear medicine, and, lastly,
there is a group in which nuclear medicine is largely subject to the needs of
radiology and nuclear medicine languishes. This is usually the result of a lack
of foresight, poor planning of equipment and of staff rooted in some pattern of
practice which becomes increasingly irrelevant.

Just as nuclear medicine in the United States (US) has recently
successfully defended its autonomy with the US Office of Veterans Affairs it is
crucial that we collectively understand the lessons we should learn from this
and become activistic in respect of our universities, our faculties and other
professional agencies.

THE ECONOMIC AND SCIENTIFIC ENVIRONMENT:

At this point I wish to stand aside from the dictates of defending
professional territory and look at the future of radiological science.

Linear resolution: Radiology has received enormous impetus from CT scanners.
Alas, although not yet in every hospital, their day is already done for tumor
diagnosis. Any machine only able to reveal disease when it is on the scale of,
say, lO1^ cells in a tumor nodule, has little long range capacity to
influence disease outcome in cancer and is, indeed, likely to remain most
eloquent in respect only of gross trauma and other structural disease.

Contrast resolution: NMR or magnetic resonance imaging is unlikely to yield
linear resolution much higher than those afforded by CT but has some potential
advantages in contrast resolution. However, what can be shown is gross and
often untreatable disease. The hopes for any specificity conferred by
relaxation time measurements have almost certainly yielded to a reality in which
this is not so (21).

It is relevant to consider why MRI has such a powerful hold on our
collective imagination at present at the expense of PET. The answer can only be
that MRI is fashionable, and PET complex. One is tempted to paraphrase a
remark of Begbe originally made about Christianity: It is often not that PET
has been tried and found wanting;it has been found difficult and left untried.

Of course PET is expensive and requires a more complex infrastructure than
MRI but by much less than an order of magnitude.

Indeed MRI and PET can be viewed as having complementary roles in
converging upon the potential solution of the same biomedical problems.

In the context of a role for Canadian medical science and for Atomic Fnergy
of Canada Limited a case might certainly be made for a national resource hi. NMR
and PET, and in particular a centre or centres where PET is used to validate
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bPET methods which might then become more widely and cheaply used. A resource
for truly multidisciplinary research done in a context in which all the relevant
disciplines have a voice seems to me to be important, particularly recognizing
the crucial roles that studies of kinetics, and of modelling tracer metabolism
are likely to have in PET, SPET and NMR spectroscopy.

Perhaps the realization that nuclear medicine in Canada is a partnership
not only between many disciplines but between clinical units and industry is
overdue.

I think that it is possible to propose an eloquent and compelling but
nihilistic view of the future. That view recognizes the inexorable nature of
the relationship between marginal social benefit and marginal social cost of any
evolving technology (Table 2). Computed tomography has already reached the
plateau part of that curve at which technological advances can only be made in
return for vast expenditures. And yet CT is still a very limited tool in some
crucial respects e.g. tumor involvement of many sites such as retroperitoneal
lymph nodes, the psychoses, myocardial ischemia, early renal disease.

To some extent MRI will provide gains over CT but at least initially it
will be possible to argue that it is unlikely to have any substantial yields in
terms of influencing disease outcome. Indeed I have always believed that NMR
was likely to have its greatest return in respect of its (as yet unrealized)
potential for in vivo spectroscopy.

Marginal

social

(scientific)

benefit

j Marginal social cost

Table 2. Marginal social costs plotted against marginal social benefit for

"new" medical technologies.
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The future of NMR and the potential it presents for "turf battles" is
probably immaterial. NMR is constrained by its very nature to reveal only
endogenous tissue concentrations of biochemical substrates, if this becomes
possible. PET alone can reveal the flux of such substrates and this is a more
crucial distinction in respect of dynamic processes: Moreover, PET is sensitive
to concentrations of biochemical substrates in life of at least two and possibly
three orders of magnitude smaller than those detectable by NMR (Table 3)

Table 3. Attributes of PET and NMR spectroscopy in vivo. ( ) = theoretical

Biochemical substrate

Sensitivity

MRI

(concentration)

(10~9 - 10~10 M)

PET

flux

10"12 M

It is also necessary to reflect that not all positron emitting radiotracers
are cyclotron produced (Table 4): There are thus cheaper alternatives which
deserve consideration in the wider dissemination of PET techniques.

Table fr. Positron Emitting Radionuclides

Generator produced

Rubidium-82

Cesium-128

Manganese-52m

Gallium-68

Copper-62

Iodine-122

Reactor produced

Fluorine-18

Cyclotron produced

Carbon-11

Nitrogen-13

Oxygen-15

Fluorine-18

75 sec

3.8 min

21.1 min

68.3 min

9.8 min

3.6 min

1.8 hrs

20.4 min

9.96 min

2.0* min

1.8 hrs

System

Sr-82+

Ba-128

Fe-52 ->

Ge-68->

Zn-62-*

1-122->

-

-

-

-

Ru82

+ Cs 128

•Mn 52m

Ga68

Cu62

Xe-122

Parent tj$

25 days

2A days

8.3 hrs

275 days

9.2 hrs

20.1 hrs

-

-

-

-

_
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Table 5. A Syllabus of Change

Machine Factors Tracer Factors

The computer:quantttatlve physiology Receptor/transmitter analogues

(activity/time studies) hetabolic substrates

image reconstruction

(PET and SPET) Stable isotopes

Alternatives: multi-wire proportional

detectors Treatment

PET alternatives

Nuclear magnetic resonance spectroscopy

(Electron spin resonance)

"Political" Factors

Research support

Physiology vs morphology

Identity/autonomy

Therefore I wish to suggest that there is a large syllabus for change
possible in nuclear medicine (Table 5 ) . An agenda for change is somewhat more
difficult (Table 6) in the sense that it is not an abstract construction. It is
an agenda that represents the investment of time and effort. I also recognize
that my agenda may differ slightly from each of yours.

I think I should also make it clear that I do not propose "turf battles"
within the radiological sciences between what I might call classical radiology,
nuclear medicine, computed tomography and ultrasonography in relation to NMR. I
think it very likely that a radiology department 20 years from now will look
very different to what it does today. For us to play trivial games between
ourselves is merely to open the door to other specialties with histories of
exercising territorial imperatives.

The clinical application of NMR spectroscopy, in particular, is likely to
be so difficult, at least initially, as to require all the collective skills a
medical centre can muster.
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Table 6. An Agenda for Change

1. A focus for studies in kinetics and modelling.

2. Development of quantitative or semi-quantitative analyses to the
degree possible for SPET.

3. Development of analogues of PET tracers for SPET:

(a) metabolic substrates

(b) receptor/transmitter labels

4. Tracers: stable, therapeutic

5. "Political" infiltrations: granting agencies

faculties

I am at a particular advantage in coming from a university department which
has been predicting the death of nuclear medicine for one and a half decades. I
have, therefore, had cause to think carefully about my future. Of course such
predictions become locally self-fulfilling in respect of staffing, and poor
equipment which has been wastefully and carelessly purchased* However, my
vision is not just that of survival. Within radiology those skills which we now
associate with nuclear medicine are likely to become increasingly important.
Hevsey's tracer method remains a powerful clinical and investigative tool.

Thus, if we debate the future at the leading edge of the radiological
sciences it is apparent that there is a point at which it becomes an abstract
exercise to distinguishing between nuclear medicine having ceased to exist and
having become the warp and weft of in vivo medical diagnosis.

1 will go so far as to suggest, and it is not an original view of mine (6),
that a leading medical centre in 1995 cannot be that without some PET
capability: Moreover no university department of radiology will be likely to
flourish without skills such as those we possess.

I believe that if we have no future, then there is no future at all: In
that sense it is not the future of nuclear medicine that is on trial, it is us.
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