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Abstract
Objectives To investigate whether there is evidence
that an increasing proportion of HIV infected
patients is starting to experience increases in viral
load and decreases in CD4 cell count that are
consistent with exhaustion of available treatment
options.
Design Multicentre cohort study.
Setting Six large HIV treatment centres in southeast
England.
Participants All individuals seen for care between 1
January 1996 and 31 December 2002.
Main outcome measures Exposure to individual
antiretroviral drugs and drug classes, CD4 count,
plasma HIV RNA burden.
Results Information is available on 16 593 individuals
(13 378 (80.6%) male patients, 10 340 (62.3%)
infected via homosexual or bisexual sex, 4426 (26.7%)
infected via heterosexual sex, median age 34 years).
Overall, 10 207 of the 16 593 patients (61.5%) have
been exposed to any antiretroviral therapy. This
proportion increased from 41.2% of patients under
follow up at the end of 1996 to 71.3% of those under
follow up in 2002. The median CD4 count and HIV
RNA burden of patients under follow up in each year
changed from 270 cells/mm3 and 4.34 log10 copies/ml
in 1996 to 408 cells/mm3 and 1.89 log10 copies/ml,
respectively, in 2002. By 2002, 3060 (38%) of patients
who had ever been treated with antiretroviral therapy
had experienced all three main classes. Of these,
around one quarter had evidence of “viral load
failure” with all these three classes. Patients with three
class failure were more likely to have an HIV RNA
burden > 2.7 log10 copies/ml and a CD4 count < 200
cells/mm3.
Conclusions The proportion of individuals with HIV
infection in the United Kingdom who have been
treated has increased gradually over time. A
substantial proportion of these patients seem to be in
danger of exhausting their options for antiretroviral
treatment. New drugs with low toxicity, which are not
associated with cross resistance to existing drugs, are
urgently needed for such patients.

Introduction
Most HIV infected individuals starting highly active
antiretroviral therapy (HAART) will experience good
virological responses to treatment. However, imperfect
adherence, tolerability problems, inadequate drug con-
centrations, and pre-existing or newly developed
antiretroviral resistance may mean that in some
patients, virological responses on their first treatment
combination will fail within the first few years.1

Compared with the initial treatment regimen, subse-
quent regimens are progressively less likely to produce
a durable virological response.2 Although new drugs
are continually being developed, concern has therefore
arisen that patients will ultimately exhaust all currently
available options for treatment.

We describe levels of exposure to antiretroviral
treatment and assess, at a population level, the relations
between exposure to antiretroviral drugs and immuno-
logical and virological status in a large multicentre
cohort of HIV infected patients from the United King-
dom. We investigate whether an increasing proportion
of HIV infected patients is starting to experience
increases in viral load and decreases in CD4 count,
consistent with exhaustion of available treatment
options.

Methods
The UK Collaborative HIV Cohort (UK CHIC) is a
collaboration of some of the largest HIV centres in the
UK.3

Selection of patients
The criteria for inclusion in the UK CHIC study were
that the patient was HIV positive, older than 16 years,
and had attended one of the centres for care at
any time after 1 January 1996. Data from existing
clinical databases from six centres have been merged
(see bmj.com).
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Clinics provided data in a pseudo-anonymised
form which still allowed records to be linked when
patients transferred between the centres in the study.

Statistical methods
Patients were included in the cohort from 1 January
1996, their first attendance at one of the centres, or
their 16th birthday, whichever occurred latest. We clas-
sified patients as under follow up in each year if the
dates when they were first and last seen at any of the
centres indicated that they were under follow up at that
centre in that year.

We defined individuals as being exposed to an
antiretroviral drug if their treatment history included
any use of that drug. We reported use of nucleoside
reverse transcriptase inhibitors, protease inhibitors,
non-nucleoside reverse transcriptase inhibitors, and a
fusion inhibitor, enfuvirtide (T-20; see bmj.com).

We used each patient’s last available CD4 count and
plasma HIV RNA burden in a year in the analysis of
trends over time. We included patients only if they were
under follow up and had a CD4 count or HIV RNA
burden measured in that year. We did not consider
patients who were lost to follow up as treatment failures.

We classified patients as having experienced
virological failure to a regimen containing a protease
inhibitor if two consecutive HIV RNA measurements
had been above 500 copies/ml after at least six
months’ exposure to protease inhibitors. If patients
had discontinued this class of drugs before the second
HIV RNA measurement above 500 copies/ml we did
not classify them as experiencing virological failure.
We defined virological failure on a regimen that
contained non-nucleoside reverse transcriptase
inhibitors in a similar manner. We then classified
patients as experiencing three class failure if they had
experienced failure with regimens containing both
protease inhibitors and non-nucleoside reverse
transcriptase inhibitors (we assumed that failure had
occurred with nucleoside reverse transcriptase inhibi-
tors, as protease inhibitors or non-nucleoside reverse
transcriptase inhibitors were rarely used without
nucleoside reverse transcriptase inhibitors); we took
the date of experiencing three class failure as the later
of the dates of failure on a regimen containing a
protease inhibitor and a non-nucleoside reverse
transcriptase inhibitor.

Results
The database contains information on 16 593 indi-
viduals. Most (n = 13 378; 80.6%) were male, the
predominant risk factor for HIV infection was

homosexual or bisexual sex (10 340; 62.3%), with 4426
(26.7%) reporting a heterosexual risk. The median
(interquartile range) age of the cohort at first study visit
was 34 (29-39) years. Fifty six per cent (n = 9201) of the
cohort were white, 2987 (18.0%) were of black African
ethnicity, and 2101 (12.7%) were of other ethnicities
(information on ethnicity is unknown for 13.9%). More
than a quarter (4336; 26.1%) have developed AIDS,
and 1255 (7.6%) have died.

The number of individuals under follow up in the
cohort rose each year, from 7588 in 1996 to 11 200 in
2002. Changes in the number of individuals under
follow up reflect the number of individuals attending
one of the clinics for the first time in the year as well as
the number of individuals who had previously been
seen but were not seen at any of the cohort centres in
that year.

Overall, 10 207 of the 16 593 patients (61.5%) had
been exposed to any antiretroviral therapy, 10 176
(61.3%) to nucleoside reverse transcriptase inhibitors,
5657 (34.1%) to protease inhibitors, and 6857 (41.3%)
to non-nucleoside reverse transcriptase inhibitors.
Only 450 (2.7%) patients had been exposed to enfuvir-
tide. By the end of 2002, patients had been exposed to
a median of four (range 0-16) different antiretroviral
drugs. As expected, patterns of exposure changed over
time (table 1).

The median CD4 count of patients under follow up
in each year rose steadily and the median HIV RNA
burden fell (table 2).

Among patients who had ever received antiretrovi-
ral treatment, the proportion with a CD4 count < 200
cells/mm3 and the proportion with an HIV RNA
measurement > 2.7 log10 copies/ml both fell between
1996 and 2002 (table 3). The number of patients
exposed to all three main classes of drugs increased
from 1% of those under follow up in 1996 to 27.3% of
those under follow up in 2002. The proportions of
these patients who showed signs of therapeutic failure
in each year were similar to those seen in the overall
treated population. Among patients exposed to three
drug classes, the proportion experiencing three class
failure increased until 2000 but remained relatively
stable thereafter. Among patients in this group, the
proportions with a CD4 count < 200 cells/mm3 or an
HIV RNA measurement > 2.7 log10 copies/ml were
high but seemed to be falling over time.

Discussion
Although patients infected with HIV in the United
Kingdom are becoming increasingly exposed to differ-
ent antiretroviral treatments over time, immunological

Table 1 Exposure to different classes of antiretroviral drugs among individuals from the UK CHIC study

Year

No of
patients
under

follow up

Nucleoside reverse
transcriptase inhibitors Protease inhibitors

Non-nucleoside reverse
transcriptase inhibitors Any antiretroviral drug

No (%)
exposed

Median (range)
No of drugs

No (%)
exposed

Median (range)
No of drugs

No (%)
exposed

Median (range)
No of drugs

No (%)
exposed

Median (range)
No of drugs

1996 7 588 3086 (40.7) 0 (0-5) 1063 (14.0) 0 (0-3) 291 (3.8) 0 (0-2) 3130 (41.2) 0 (0-9)

1997 7 918 4277 (54.0) 2 (0-6) 2656 (33.5) 0 (0-4) 910 (11.5) 0 (0-2) 4328 (54.7) 2 (0-11)

1998 8 599 5231 (60.8) 2 (0-7) 3607 (42.0) 0 (0-4) 2040 (23.7) 0 (0-3) 5266 (61.2) 3 (0-14)

1999 9 170 5992 (65.3) 2 (0-7) 3973 (43.3) 0 (0-5) 3363 (36.7) 0 (0-4) 6017 (65.6) 3 (0-14)

2000 9 775 6643 (68.0) 2 (0-7) 4114 (42.1) 0 (0-6) 4461 (45.6) 0 (0-4) 6661 (68.1) 3 (0-16)

2001 10 549 7340 (69.6) 2 (0-7) 4312 (40.9) 0 (0-6) 5315 (50.4) 1 (0-4) 7356 (69.7) 3 (0-16)

2002 11 200 7973 (71.2) 2 (0-7) 4561 (40.7) 0 (0-6) 5986 (53.5) 1 (0-4) 7987 (71.3) 4 (0-16)
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and virological profiles of these patients continue to
improve at a population level. However, a small
number of these individuals seem to be in danger of
exhaustion of future treatment options.

Currently little evidence exists to indicate that a
large proportion of patients are starting to experience
therapeutic failure; this proportion has remained rela-
tively stable since 2000. Even among patients who had
experienced therapeutic failure with regimens con-
taining all three classes of drugs, immunological and
virological status has improved. We believe this reflects
the increasing number of new drugs that become
available each year and the growing emphasis that is
now placed on achieving good adherence. However,
the immunological and virological status of patients
who have experienced three class failure remains
relatively poor, showing that for a small number,
treatment options are in danger of becoming
exhausted.

Although several new drugs from existing and new
classes have recently been licensed past experience
shows that preliminary reports of new drugs being
associated with minimal cross resistance to other drugs
are often followed by less positive findings.4

Potential limitations
Trends at a population level should always be
interpreted cautiously. In particular, increased CD4
counts over time may result from an increase in the
number of newly diagnosed individuals with high CD4
counts attending the centres in the collaboration. How-
ever, results from the CD4 surveillance scheme in the
United Kingdom5 and from individual cohorts in the
collaboration6 7 indicate that this is not the case. A
second concern is that as this is a dynamic cohort,
patients may leave the cohort at any time. This may
lead to bias if those who were starting to experience
therapeutic failure were more likely to drop out of the

cohort. The median last available CD4 count and HIV
RNA measurement for those who dropped out imply
that many did not have therapeutic failure. These pro-
portions have remained relatively stable over time; we
therefore do not believe that this will affect the trends
seen.

Although the cohort is broadly representative of
HIV infected individuals in the UK,3 it includes dispro-
portionately more homosexual men and individuals of
white ethnicity than are seen in the United Kingdom as
a whole. Furthermore, as all centres actively participate
in research studies, it is possible that exposure to novel
treatments in these clinics may occur sooner than in
other centres. Finally, treatment information from pre-
vious centres may be incomplete, so our estimates of
exposure to antiretroviral therapy may be underesti-
mated.

Meaning of the study
We have identified two groups thought to be at high
risk of treatment exhaustion: patients exposed to three
or more drug classes and those who had experienced
virological failure on regimens including both
protease inhibitors and non-nucleoside reverse
transcriptase inhibitors. Not all treatment switches are
made as a result of virological failure; individuals may
also change treatments for convenience or to reduce
toxicity. Thus, patients who have been exposed to
three classes of drugs may not have experienced
virological failure while receiving these drugs and may
not necessarily show signs of treatment exhaustion.
Patients who are known to have experienced
virological failure while receiving these drugs,
however, would be expected to have developed some
resistance to their failing regimens, possibly leading to
cross resistance to other drugs in the same class8 and
placing these individuals at high risk of therapeutic
failure. Although this group had higher HIV RNA

Table 2 Overall trends in CD4 counts and HIV RNA levels over time among patients in the UK CHIC study

Year

No (%) of patients under
follow up with more than
one CD4 cell count in the

year

Latest CD4 count (cells/mm3) in year No (%) of patients under
follow up with more than
HIV RNA measurement in

the year

Latest HIV RNA (log10 copies/ml) in year

Median (interquartile
range) No (%) <200

Median (interquartile
range) No (%) >2.7

1996 5 517 (72.7) 270 (120-447) 2094 (38.0) 2197 (29.0) 4.34 (3.51-4.97) 2022 (92.0)

1997 6188 (78.2) 310 (180-460) 1785 (28.9) 5830 (73.6) 3.55 (2.70-4.52) 4082 (70.0)

1998 6 795 (79.0) 335 (206-490) 1594 (23.5) 6926 (80.5) 3.10 (2.54-4.27) 3907 (56.4)

1999 7 588 (82.7) 369 (230-523) 1512 (19.9) 7680 (83.8) 2.65 (1.70-4.23) 3786 (49.3)

2000 8 385 (85.8) 397 (260-570) 1340 (16.0) 8325 (85.2) 2.26 (1.70-4.19) 3761 (45.2)

2001 9 545 (90.5) 404 (270-575) 1362 (14.3) 9506 (90.1) 1.90 (1.70-4.10) 4001 (42.1)

2002 10 446 (93.3) 408 (275-583) 1393 (13.3) 10295 (91.9) 1.89 (1.70-4.11) 4180 (40.6)

Table 3 Trends in CD4 cell counts and HIV RNA levels over time among patients who had ever started antiretroviral therapy, patients
with three class exposure, and patients who had previously experienced three class failure

Year

Ever started antiretroviral treatment Exposure to three classes of drugs Treatment failure with three classes of drugs

No of
patients
under

follow up
(%)

CD4 counts
<200

cells/mm3

HIV RNA
measurements

>2.7 log10

copies/ml

No of patients
who ever
received

antiretroviral
therapy (%)

CD4 counts
<200

cells/mm3

HIV RNA
measurements

>2.7 log10

copies/ml

No of
patients

exposed to
three

classes (%)

CD4 counts
<200

cells/mm3

HIV RNA
measurements

>2.7 log10

copies/ml

1996 3130 (41.2) 1589 (57.1) 1272 (89.3) 72 (2.3) 50 (70.4) 36 (80.0) 0 — —

1997 4328 (54.7) 1517 (38.4) 2361 (60.5) 399 (9.2) 181 (47.6) 236 (61.9) 13 (3.3) 6 (46.2) 13 (100.0)

1998 5266 (61.2) 1382 (29.1) 2017 (41.7) 1159 (22.0) 423 (38.1) 466 (41.7) 117 (10.1) 68 (58.1) 101 (86.3)

1999 6017 (65.6) 1327 (23.9) 1913 (34.1) 1905 (31.7) 582 (31.6) 639 (34.5) 273 (14.3) 153 (56.9) 211 (77.9)

2000 6661 (68.1) 1172 (18.9) 1772 (28.8) 2413 (36.2) 508 (22.0) 638 (27.8) 371 (15.4) 164 (45.6) 224 (62.0)

2001 7356 (69.7) 1186 (16.8) 1730 (24.6) 2748 (37.4) 502 (18.7) 597 (22.3) 435 (15.8) 147 (34.4) 218 (50.9)

2002 7987 (71.3) 1182 (15.3) 1802 (23.5) 3060 (38.3) 502 (16.8) 693 (23.3) 467 (15.3) 150 (32.5) 210 (45.7)
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measurements and lower CD4 counts than other
treated individuals, virological failure is an imperfect
surrogate for the presence of resistance mutations,
and some of these patients may not have developed
resistance to both protease inhibitors and non-
nucleoside reverse transcriptase inhibitors. Close links
with the UK HIV Drug Resistance Database9 will allow
us to deal with this question directly once the use of
resistance testing has become routine in this group.
Further follow up of clinical events in these patients
will allow us to assess whether our definition of three
class failure is a good indicator of subsequent poorer
clinical outcome.

Our findings show that new drugs with low toxicity,
which are not associated with cross resistance to exist-
ing drugs, will be needed for such patients.
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What is already known on this topic

Highly active antiretroviral therapy (HAART) has
had a dramatic impact on the health of individuals
infected with HIV

For several reasons, however, many patients may
not be able to tolerate their initial treatment
regimen or may experience virological failure
while receiving HAART

It may therefore be necessary to switch treatments
on one or more occasions, raising the concern
that some patients may exhaust all currently
available treatment options

What this study adds

The immunological and virological status of
infected patients generally improved

A small but growing proportion of these patients,
however, seem to be in danger of exhaustion of
current treatment options

The non-event worth a thousand successful procedures

The junior doctor’s dilemma—how “happy” must you be with
your diagnosis and treatment plan before you proceed without
seeking a senior doctor’s advice? I decided I needed to be
happier, which proved to be the correct course of action.

The patient in question presented with shortness of breath,
nothing new in a patient with known chronic obstructive
pulmonary disease. The radiographer arrived, and the resultant
chest x ray looked like a large pneumothorax. I quickly checked
on the patient (stable) and his trachea (central) to ensure that I
had not just requested the “film that should never have been
taken” before skipping off to show the senior house officer. I had
thoughts of chest drains running through my mind, and so was
heartened by the senior house officer agreeing with my diagnosis
and management. Sadly, she could not supervise me, so I should
contact the registrar. The registrar would meet me on the ward
shortly—fantastic, still on target for my first drain.

On returning to the ward, I found that the patient’s old notes
had turned up. I sat down to have a read and wait for the
registrar. My eyes fell upon a sketch of a chest x ray remarkably
similar to the film on the light box. The patient did not have a

pneumothorax but did have bullae emphysema. With this
discovery, all procedural opportunities evaporated.

I now sketch chest x rays in patients’ notes, a practice I find
remarkably useful, and try to play devil’s advocate to any invasive
procedures no matter how keen I or others are to perform them.
I had to wait for another opportunity for my first chest drain, but
this was preferable to my first being inappropriate.

Tim McCormick clinical fellow anaesthesia, Royal Alexandra Hospital
for Sick Children, Brighton
(trmccormick@doctors.org.uk)

We welcome articles up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My most
unfortunate mistake, or any other piece conveying instruction,
pathos, or humour. Please submit the article on http://
submit.bmj.com Permission is needed from the patient or a
relative if an identifiable patient is referred to. We also welcome
contributions for “Endpieces,” consisting of quotations of up to
80 words (but most are considerably shorter) from any source,
ancient or modern, which have appealed to the reader.
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