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Two methods of relating daily pollen counts to patients’ symptom scores in clinical trials of
hyposensitisation in hay fever are describéd. The problems involved in comparing results
from different centres and years of a trial are discussed with particular reference to
symptoms which are not pollen related. The Normalised Regression method is a powerful
technique, but often the Pollen Interval method is preferable on the grounds of simplicity

of communication and calculation.
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CLINICAL ASPECTS

There is a great need for systematic, accurate and reproducible methods for clinical evaluation

of immunotherapy. Two

ical thods of relating daily pollen counts to patients’

symptom scores in clinical trials of hyposensitisation in hay fever are described. It is stressed

under which cir

es sympt

and medication scores can be used in the clinical

evaluation. The problems involved in comparing results from different centres and years of a
trial are discussed with particular reference to symptoms which are not pollen related.

The importance of recording daily pollen
count in obtaining the clinical history of allergic
patients and in the evaluation of the treatment
of respiratory allergic diseases has been em-
phasized (5, 10, 11, 12). A good correlation
between the patient’s syrﬁptoms and the pollen
count has been found in a number of studies
(9, 10, 16). To prove whether a new hyposensi-
tisation treatment is superior to placebo it is
common to apply many in vivo tests: nasal
provocation test, conjunctival provocation test,
bronchial provocation test, skin prick test; and
in vitro tests: allergen-specific IgE, allergen-
specific IgG, CRIE and histamine release in
basophils. This is indeed of interest if these
parameters show a change during therapy in
favour of the new treatment. But from a clin-
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ical point of view this is only really interesting if
the treated patients also experience a reduction
in allergic symptoms during their season. Sub-
jective allergic symptoms recorded by the pa-
tient are so-called soft data. Although soft data
they are nevertheless crucial to the final proof
of whether or not a new treatment works. The
daily symptom score is influenced by the
amount of pollen in the air and by the anti-
allergic medication. To get reliable daily symp-
tom scores, daily medication should be record-
ed in a standardized manner.

In the past, relationships between symptom
scores recorded by patients, and pollen counts
have either been tested by calculating a correla-
tion coefficient, or examined by graphical
methods. These approaches are inadequate if
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results from 2 years of a trial are to be directly
compared, particularly when patients are living
in areas with different pollen counts.

The effects of treatment on the occurrence
of severe symptoms at different pollen levels
have been examined (16). However, both clin-
ical history and skin tests indicate that many
patients suffer from multiple allergies (6, 9),
and thus it is vital to analyse only symptoms
caused by the allergen under study.

This paper suggests two possible quantitative
approaches to these problems.

Method 1 — Normalised Regression

This method evolved from early attempts to
quantify in each patient the relationship be-

Symptom
Score
Pollen Count
Fig. 1. Hypothetical regression of symptom score against

daily pollen count.
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Fig. 2. A curve fits the data better than the straight line in
Fig. 1. Regression line 1 would have been fitted to the
complete data. Regression line 2 applies to low pollen counts
only.

tween symptom scores obtained from diaries
completed daily by the patient, and the daily
pollen count obtained from a pollen trap in the
vicinity of the patient’s home.

For each patient, a linear regression was per-
formed of daily symptom scores against pollen
count, shown theoretically as Fig. 1. However,
from our experience the relationship between
symptoms and pollen counts in most patients
tends to follow a curve as shown in Fig. 2,
instead of a straight line.

If linear regression had been applied to the
curve shown in Fig. 2 the dotted line [1] would
have resulted. However, if a patient received a
low level of pollen challenge in a pollen season,
then only the lower part of the curve would be
relevant. In this case a linear regression would
result in the dotted line [2] as shown. Thus, the
regression line obtained depends on whether
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Fig. 3. Result of applying Inverse Normal Scores transform-
ation to the curve in Fig. 2.
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Fig. 4. More realistic graph, showing slope and intercept.
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pollen levels are high or low in a particular
season. This is clearly unsatisfactory.

A method which overcomes this problem re-
quires a mathematical transformation of both
symptom and pollen count data. This technique
called Inverse Normal Scores (2), guarantees to
remove any curvature from a graph. So long as
the graphs from different patients do not differ
widely in shape, each will produce a linear re-
sponse as shown in Fig. 3. In practice whenever
this technique has been used (3, 7, 8, 13), many
graphs like Fig. 4 result.

The symptoms of each patient during a pol-
len season can therefore be summarised by two
numbers: — the slope and the intercept of a
regression line (Fig. 4). The slope represents the
patient’s rate of symptomatic response to in-
creasing daily pollen challenge. The intercept
represents all other symptoms, which may or
may not be allergic in origin. The slopes ob-
tained from each patient can then be analysed
using standard statistical techniques, for ex-
ample, Student’s t test, analysis of variance or
covariance, or Mann-Whitney U test (1, 2, 14).
Thus the effects of treatment and other factors
upon the severity of the disease can be assessed.

Method 2 — Pollen Count Intervals

This method involves the division of the range
of daily pollen counts over one (or more) com-
plete pollen season(s) into a number of inter-
vals. To avoid the possibility of biasing results,
the intervals should be defined before the pa-
tient diaries have been examined. In a trial
involving only one pollen count, a useful
method is to divide daily pollen counts as close-
ly as possible into equal groups, for example,
quartiles, so that each of the four intervals
contains an equal number of days in the pollen
season. Table 1 shows, as an example, the inter-
vals which resulted in one study (15). This trial
was held during a year when grass pollen
counts were very low and thus none of the four
intervals represents a very high level of pollen
challenge to the patients. The “mean pollen
count” is defined as the average of all the daily
pollen counts which fall within the range of one
quartile.
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Table 1

Pollen count intervals in grains/m3 air/day

Range of daily ~ Mean pollen count

Quartile pollen counts for quartile
1 0-3 2
9 4-8 6
3 9-20 16
4 21-61 84

Symptom scores are then analysed for each
pollen interval separately. Application of stan-
dard statistical techniques, for example, Stu-
dent’s t test, analysis of variance or covariance,
or Mann-Whitney U test (1, 2, 14), will give
mean (or median) values of symptom scores in
each pollen interval for each treatment group.
Using the mean pollen counts in Table 1, a
response curve of symptom scores against
pollen count can be drawn for each treatment
group. This is analogous to a dose response
curve. Fig. 5 shows two such response curves
(15). In this example it is clear that not only is
there no overall difference between active and
placebo treatments, but an increase in pollen
count from 2 to 34 grains/m® air/day causes
slightly more symptoms in the active treatment
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Fig. 5. Mean symptom scores for the four quartiles of the
grass pollen season.
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group than in the placebo group. This suggests
that the patients receiving active treatment are
slightly more sensitive to grass pollen than pa-
tients receiving placebo. This provides further
evidence against the effectiveness of the active
treatment. However, the opposite result might
have occurred: the effectiveness of the active
treatment in reducing symptoms might have
been masked by a high level of symptoms which
were not caused by grass pollen. The pollen
count interval method of analysis would have
shown this clearly.

DISCUSSION

Both of the methods described can be applied
to either symptom or medication scores ob-

tained from patient diaries, although results -

based on medications are more difficult to inter-
pret.

The Normalised Regression method requires
powerful computing facilities but it is an auto-
matic method requiring no statistical control or
judgement while it is being performed. This can
be both an advantage and a disadvantage. The
method is particularly useful when pollen
counts are obtained from traps in more than
one area, as occurs in multicentre trials. These
are often necessary when two active treatments
are being compared, because one centre is often
unable to recruit the large number of patients
necessary to detect relatively small differences
between similar treatments.

The value of the method was recently demon-
strated in a study of hyposensitisation in hay
fever (7). In this four-centre study 58 grass-
sensitive patients were hyposensitised for 3
years with one of the following four extracts: —
An experimental 2-grass extract at high or low
dosage, a 2-grass, or a 5-grass formulation of a
standard extract. Results from the third year of
the study showed the new extract at high dose
performing considerably worse than other ex-
tracts. Not only was this surprising in itself, but
was contrary to results from the first 2 years of
the study. Normalised regression methods were
applied, and the anomalous difference between
treatment groups was found to be present in the
analysis of the intercepts, but not the slopes

from the regression. In other words, the extra
symptoms suffered by patients receiving the ex-
perimental extract at high dose were unrelated
to the immediate effects of grass pollen. It was
suggested that the extra symptoms were due to
patients who were also birch sensitive entering
the grass pollen season with hyper-reactive res-
piratory mucosae.

The inverse normal scores transformation (2)
can be applied to results from all the years of a
study grouped together. The slopes can then
be compared between different years. In the
above trial it was thus demonstrated that the
third year of treatment resulted in a significant
reduction in grass sensitivity (7).

The Pollen Interval method is much simpler
in terms of computation and produces results
which are easier to present than those from the
Normalised Regression method. For these rea-
sons it is probably to be preferred in a trial
involving only one pollen count. An additional
advantage is that Pollen Intervals can be useful
when replacing missing data from a patient
diary. Each missing value can be replaced by
the mean of the values recorded by the patient
on all other days in the same Pollen Interval.

When the trial design requires a number of
pollen counts (for different centres and years
of the trial) the choice of the pollen intervals
can be difficult, particularly if one centre or
year has a very high or low count compared
with other centres or years. However, if care is
taken in the design of the intervals and the
interpretation of results, considerable insight
can be gained into the relationship between
symptoms and pollen counts.

In order to achieve the best results with
either technique the pollen count must be of
high quality, and must reflect accurately the
pollen levels to which patients are actually ex-
posed. Thus, diary data from any day on which
a patient is not in the area of the appropriate
pollen trap should be excluded from the ana-
lysis. Of even greater importance is the need to
exclude all symptoms caused by exposure to
other allergens, e.g. animal dander and caused
by other diseases such as acute upper respira-
tory infections. We are aware that pollen ex-
posure causing the allergic symptoms also de-
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pends on whether the patient is inside or
outside. This could be recorded on diary cards,
but this information would be very difficult to
compare from day to day. Outside, does that
mean in the middle of a grass field (for a grass
allergic patient) or in the middle of town? In-
side, does that mean in a house with all windows
shut or open? Because of these considerations
we do not recommend that the patients should
record being inside or outside during the day.

Neither of the two methods described repre-
sent a complete answer to all the problems in
relating symptoms from patient diaries to pollen
counts. Probably the main difficulty in both
cases is the interpretation of symptoms which
are not due to the immediate effects of the
pollen count. These could be caused by other
allergens, or be due to delayed effects of the
pollen under study, or may be non-allergic
symptoms caused by irritants, for instance smog
and smoke. In a recent study (15) in grass
sensitive patients, patients completed daily dia-
ries for 3 months before the grass pollen season.
Apart from those patients who were also tree
sensitive, some other patients recorded fairly
constant levels of nasal symptoms throughout
these early months. These symptoms were diag-
nosed as being non-allergic in nature.

To get comparable symptom scores in clinical
trials the anti-allergic medication must be stan-
dardized. Hay fever patients, for instance,
should only be allowed to use one kind of anti-
histamine tablets or antihistamine eye and nose
drops and, finally, prednisone tablets if allergic
symptoms cannot be controlled by antihistamine
alone. The daily quantity of medicine taken
should be recorded on dairy cards. Thus it is
possible to calculate a reliable arbitrary medica-
tion score. If each patient only records the total
number of times the medication is used, and not
the total quantity of each medication used, mis-
leading scores can result. Of even greater im-
portance is that such a medication procedure
will invalidate symptom score results, making it
impossible to compare the individual scores ac-
curately, since a higher medication in one of two
comparable groups will cause fewer symptoms
in the group receiving more antiallergic medi-
cine. When performing a clinical placebo con-
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trolled trial to show the efficacy of a new
immunotherapy in, for instance, birch pollen
hay fever, the patients in the placebo and the
active treated group should be comparable as
regards the severity of the allergic disease. If the
groups are not comparable a new treatment
might happen to have some effect, but it can-
not be shown by comparing the symptom
scores as shown in Fig. 5. In birch pollen aller-
gic patients Viander et al. (16) have shown that
the total seasonal symptom score is significantly
correlated to the nasal sensitivity measured by
nasal provocation test and the RAST result. As
mentioned above, persons in such clinical trials
should not be sensitive to allergens other than
those under study in the observation period,
but if so it is desirable that the groups are
balanced concerning such allergies.

A method for evaluating therapy for hay
fever was described recently (4). A crossover
trial was carried out in 61 patients, comparing
four treatments: Topical corticosteroids, topical
cromoglycates, placebo tablets, and a new com-
bination tablet. Three measurements were used
to compare these treatments: a) post-treatment
symptom questionnaires, b) daily analogue line
scores of symptoms, and c) nasal FEV,. Daily
analogue line diary scores with an analysis
which took into account variation in pollen
count proved to be the most sensitive of the
three measurements.

In conclusion, both the Normalized Regres-
sion method and the Pollen Interval method,
when applied to symptom or medication scores
in trials of hyposensitisation in hay fever,
provide a better understanding of the effec-
tiveness of the treatments involved.
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