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Abstract
BACKGROUND—Anal intraepithelial neoplasia (AIN), particularly AIN 3 is a precursor to anal
cancer. Most cases of AIN are intra-anal, but few treatments for intra-anal AIN are currently available.
Topical 85% trichloroacetic acid (TCA) is an inexpensive method used to treat peri-anal condyloma,
a form of AIN 1, but its efficacy to treat intra-anal AIN as first-line therapy is unknown.

METHODS—Retrospective review of medical records was performed for all patients with AIN
treated at the University of California San Francisco (UCSF) Anal Neoplasia Clinic with TCA as the
first-line therapy from January 2000 to December 2004. Clearance was defined as the absence of
AIN confirmed by high resolution anoscopy and cytology after up to four TCA treatments.

RESULTS—Thirty-five HIV-positive and 19 HIV-negative men met the enrollment criteria. In
multivariate analysis, greater clearance was seen in patients 41–48 years of age versus >49 years
(OR: 8.4, CI: 1.1– 94, p-value: 0.04). Among HIV-positive men, those with two or fewer lesions
showed greater clearance (OR: 14.3, CI: 1.5–662, p-value: 0.01). 32% of patients with AIN 2/3
cleared to no lesions. On a per-lesion basis, 73% of AIN 1 and 71% AIN 2/3 cleared to no lesion or
AIN 1 or less, respectively.

CONCLUSION—Topical 85% TCA was safe and well tolerated. It was more effective in younger
patients and among HIV-positive patients, those with 2 or fewer lesions. A high proportion of AIN
2/3 lesions responded to TCA treatment.
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Introduction
Anal intraepithelial neoplasia (AIN) is a precancerous condition of anal canal, which like its
counterpart in the cervix, cervical intraepithelial neoplasia (CIN), can progress to invasive
cancer. Like CIN, there is a spectrum of AIN, graded as AIN I, II, or III depending on the extent
of nuclear abnormalities. AIN I has nuclear abnormalities confined to the lower one-third of

Name and address for correspondence: Joel M. Palefsky, M.D, Professor of Medicine Box 0126 University of California, San Francisco
San Francisco, CA- 94143 Phone number: 415-476-1574 joel.palefsky@ucsf.edu.
Address for reprints: Joel M. Palefsky, M.D. Professor of Medicine Box 0126 University of California, San Francisco San Francisco,
CA- 94143

NIH Public Access
Author Manuscript
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 December 1.

Published in final edited form as:
J Acquir Immune Defic Syndr. 2009 December 1; 52(4): 474–479. doi:10.1097/QAI.0b013e3181bc0f10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the epithelium. A common form of AIN 1 is condyloma acuminatum. Nuclear abnormalities
in AIN 2 are confined to the lower two-thirds and in AIN 3 to the entire thickness of the
epithelium.1, 2 AIN is strongly associated with human papillomavirus (HPV) infection. Both
non-oncogenic (low-risk) types of HPV such as HPV 6 and HPV 11 and oncogenic (high-risk)
types such as HPV 16 and HPV 18 are implicated in AIN 1 while AIN 3 and anal squamous
cell cancer are associated with oncogenic HPV types.1 Beside HPV, other significant risk
factors for anal cancer include smoking, anal fissure, anal fistula and hemorrhoids (greater than
12 episodes).3 Most cases of AIN occur within the anal canal, particularly the anal transition
zone, but AIN and anal cancer can also occur on the perianal skin.

The incidence of anal cancer has been increasing over the past four decades.4, 5 Though the
incidence of anal cancer is low in the general population,6, 7 it is reported to be as high as 35
per 100,000 in men who have a history of receptive anal intercourse.8 Even higher risk for anal
cancer has been observed in both men and women with HIV infection.9–11 Investigators
estimate that the incidence of anal cancer among HIV-positive men who have sex with men
(MSM) may be as high as 70–100 cases per 100,000 individuals.12 Like anal cancer, the
incidence of AIN is also higher in HIV-positive men and women compared with the general
population (relative risk [RR] of 60 and RR of 7.8, respectively).1, 13, 14 Most studies show
that the introduction of highly active antiretroviral therapy (HAART) has not had an
appreciable positive effect on prevalence or incidence of AIN in HIV-positive patients despite
an increase in CD4 cell counts observed with therapy.2, 15–19 Consistent with these findings,
the incidence of anal cancer has continued to increase since the introduction of HAART.2,
15–19 Taken together, these data indicate that AIN and anal cancer will continue to remain a
serious clinical problem, particularly among HIV-positive men and women.

Topical 85% TCA is one of the accepted cytotoxic therapies for condyloma and is
recommended by Center for Disease Control (CDC) as one of the first-line treatments for
condyloma acuminatum.20 The UCSF Anal Neoplasia Clinic has been using TCA the treatment
of AIN for the past nine years. However, little is known about its efficacy and long-term
clearance rates when used to treat intra-anal AIN of different grades of severity. TCA represents
a potentially attractive treatment approach since it is inexpensive, is generally well tolerated
by patients, has no systemic side-effects and is safe to use in pregnancy.6

The purpose of this study was to perform a retrospective chart review of patients seen in the
UCSF Anal Neoplasia Clinic who received first-line 85% TCA therapy for AIN of different
grades in a population mostly consisting of HIV-positive MSM.

Methods
Retrospective review of medical records was performed for all patients at the UCSF Anal
Neoplasia Clinic whose first-line treatment for AIN was TCA between January 1, 2000 and
December 31, 2004. The inclusion criteria were age greater than 18 years; no treatment with
TCA prior to January 1, 2000, lesions less than one square centimeter in size at the base, and
patients' ability to return for regular follow-up visits. HIV-positive and HIV-negative patients
were studied. Both external and internal lesions were treated. Both flat and raised lesions were
treated if they met the inclusion criteria.

Patients were generally referred to the clinic after anal cytology smears performed by outside
community physicians were reported to be abnormal. At the first visit, a detailed history and
physical exam was performed on every patient. HIV-positive patients were questioned about
their most recent CD4+ counts, HIV viral loads and their HIV history. A swab was inserted to
collect cells for Thinprep™ anal cytology. After a digital rectal examination was performed,
high resolution anoscopy (HRA) was performed as described previously using 3% acetic acid
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and colposcopic magnification.12 The number and extent of lesions was recorded and a biopsy
was performed of visible lesions. Anal cytology was used to determine the grade of AIN in
patients in whom biopsy results were unsatisfactory or in whom biopsy could not be performed.
When both an anal cytology and biopsy were available, the most severe grade of these two
tests was used for analysis.

Most patients for whom TCA treatment was selected were seen within one to two months of
the first visit to initiate their treatment. At the treatment visit, an anoscope was inserted and
HRA was performed as described previously and the lesions were treated with 85% TCA by
dipping the wooden stick end of a cotton swab into a cup containing about 250 microliters of
TCA. The stick end was saturated with TCA and was inserted through the anoscope and
directed to the lesion under colposcopic guidance. TCA was applied to the lesion repeatedly
until the lesion turned dense white color.. The patient was counseled to expect anal bleeding
for up to 2 weeks with bowel movements and to avoid straining or anal intercourse during this
time.

During this time, each TCA application was followed by another appointment one to two
months later, when the clinician reevaluated the patient to determine whether more TCA was
necessary. First-line treatment consisted of up to four applications of TCA at one to two month
intervals. Clearance was defined as the absence of AIN confirmed by absence of visible disease
on HRA after up to four TCA treatments. If AIN cleared within four TCA applications, first-
line therapy was considered successful and patients were then followed at three, six, and 12
months after the last evaluation at which they were found to be clear. If they still had AIN
despite four treatments of TCA, they were considered to have failed the first-line treatment i.e.
even if TCA was able to clear some lesions, it was not considered to be successful unless it
cleared all AIN. Recurrence was defined as detection of AIN during the follow-up period after
its resolution with the first-line therapy. Most patients who failed TCA therapy were then
referred to receive infrared coagulation or surgery. Patients who cleared anytime during the
first set of four TCA applications, but whose AIN recurred during three-, six-, or 12-month
follow-ups, were also referred for infrared coagulation or surgery. Amongst the patients with
AIN 2/3, we also measured the rate of regression of their AIN 2/3 to low-grade AIN (AIN 1).
Hence, we defined cure of AIN 2/3 as conversion to AIN 1 as well as its complete
disappearance. In addition to per-patient clearance, we measured clearance of AIN on a per-
lesion basis.

Statistical analysis was performed using SAS Version 9.1 (SAS Institute, Cary NC). SAS
Procedure FREQ was used to compute the exact confidence intervals for the clearance and
recurrence rates. SAS Procedure LOGISTIC was used to perform exact logistic regression.

Results
Fifty-four male patients met the inclusion criteria. The demographics of the study population
are shown in Table 1. On the first visit, we determined the grade of AIN using either biopsy
or cytology in forty seven out of fifty four patients. The remaining seven patients did have
biopsy or cytology at the first visit during the follow-up course and were found to have AIN.
Overall, 35 of 54 (65%) patients were HIV-positive and 19 (35%) were HIV-negative. 63% of
all HIV-positive patients were on HAART. There were no statistically significant differences
between the HIV-positive and HIV-negative patients with respect to age, race, and number of
lesions or severity of lesions (Table 1).

We examined complete clearance of lesions and clearance of AIN 2/3 lesions to AIN 1 or less
on a per-patient and perlesion basis and the results are shown in Table 2. Of 28 patients with
histologically-confirmed AIN 2/3 lesions, 9 (32%) resolved completely and 8 (29%) resolved
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to AIN 1. Of 19 patients with histologically-confirmed AIN 1 lesions at the first visit, 6 (32%)
resolved completely. Of 55 histologically-confirmed AIN 2/3 lesions, 35 (64%) resolved
completely and 4 (7%) resolved to AIN 1. Of 70 histologically-confirmed AIN 1 lesions at the
first visit, 51 (73%) resolved completely. The odds of clearance for AIN 2/3 compared with
AIN-1 on a per-lesion basis when adjusted for HIV status was 0.6 (95% C.I 0.3–1.3, p= 0.2).
The odds of clearance of lesions in HIV-positive individuals compared with HIV negative
individuals on a per-lesion basis was 0.55 (95% C.I.− 0.2–1.5, p=0.2).

Of the HIV-positive patients 34% achieved complete clearance with up to four treatments with
TCA, compared with 47% of HIV-negative patients (OR 0.6, 95% CI 0.2– 2.1, p= 0.5). Of the
twenty-one patients who cleared AIN, nine patients required only two TCA treatments to clear
completely, three patients required one treatment; four patients required three treatments and
five patients cleared after four treatments. Patients who cleared required a mean of 2.5
treatments and median of 2 treatments.

Only 3 out of 54 (5%) patients reported side effects with TCA, usually local discomfort and
pain. One patient reported exacerbation of pre-existing psoriasis and none had serious side
effects such as local ulceration, abscess or bleeding.

Risk factors associated with clearance of lesions on a per-patient basis after TCA therapy are
shown in Table 3. In the analysis adjusted for HIV status, with all patients combined, men in
the forty-one to forty-eight (41–48) years age group were more likely to achieve complete
clearance with TCA (OR: 8.4, 95% CI: 1.1–94, p= 0.04). The OR for clearance was also higher
among men younger than 41 years compared with greater than 49 but the result did not reach
statistical significance.

Among HIV-positive patients with one lesion, 48% showed clearance compared with 18% of
HIV-positive patients with 4 or more lesions. In univariate analysis on a per-patient basis, HIV-
positive subjects showed significantly greater likelihood of clearance in patients with ≤2 lesions
(OR: 14.3, 95%CI: 1.5–661.7, p-value: 0.01) compared with those with three to four lesions.
Additionally, although not statistically significant, HIV-positive patients showing clearance of
the lesions were found to have higher CD4+ counts when compared with those not showing
clearance. A non-significant trend towards greater clearance was observed in the combined
patient population with less than or equal to two versus three to four lesions (OR 3.5, 95% CI:
0.90–14.7, p-value: 0.08).

Recurrence was defined as detection of AIN during the follow-up period after its resolution
with the first line therapy and was observed within a mean period of 6 months in 15 (72%) of
21 patients who had shown clearance previously. 6 of 9 (67%) HIV-negative and 9 out of 12
(75%) HIV-positive patients showed recurrence. In univariate analysis, the recurrence rate in
patients with AIN 2/3 was higher than that in patients with AIN 1 (OR: 5.1, 95% CI: 0.2–313.8,
p-value: 0.6) but this was not statistically significant. A trend towards greater recurrence was
also seen in younger patients compared with older age groups (OR: 3.2, 95% CI 0.3– 45.3, p-
value: 0.5). Recurrence was seen in ten out of sixteen patients with two or fewer lesion while
it was seen in five out of six patients with three or more lesions (OR: 0.6, 95% CI: 0.04–10,
p-value: 1) but this was not statistically significant.

Discussion
AIN is a known precursor of invasive cancer21 with an estimated progression rate of AIN to
squamous cell cancer of about 11 percent over a period of 42 months of follow-up. Although
AIN 1 has a low risk of progression to malignancy, it has been observed that around 62% of
HIV-positive and 36% of HIV-negative men with baseline AIN 1 progress to AIN 2–3 over a
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2-year follow-up period.22 Thus, there are potential benefits to treating both AIN 1 and AIN
2–3.

Analogous to cervical cytology screening to identify and treat cervical intraepithelial neoplasia
lesions before they progress to cervical cancer, anal cytology screening programs have been
proposed to identify and treat AIN before it progresses to anal cancer in high-risk groups.23,
24 Anal cytology is 69% sensitive and 59% specific in detecting any grade of anal dysplasia
in HIV-positive men, while its sensitivity and specificity in HIV-negative men is 47% and 92%
respectively when ASCUS is included as an abnormal cytology.25 Goldie et al have concluded
that anal cytological screening in HIV-negative homosexual and bisexual men every 2–3 years
and in HIV-positive men yearly, followed by treatment of high-grade AIN, would be optimal
and cost-effective to prevent anal cancer.23,24

One of the barriers toward implementation of such a screening program has been the paucity
of data on the treatment of AIN. Few studies have been published on the success of different
treatment modalities to clear AIN lesions. Although it has not yet been proven in clinical trials,
based on the analogy with the cervix, it is assumed that clearance of AIN will prevent
progression of that lesion to anal cancer.

TCA is one of the accepted cytotoxic therapies for AIN, primarily AIN 1 in the form of
condyloma acuminatum especially for smaller lesions.1, 2 Few studies have compared TCA
with other modalities. One study comprising 130 presumably HIV-negative men with penile
condyloma randomly allocated to treatment with either TCA or cryotherapy concluded that
there was no significant difference in the cure rates and subsequent recurrence rates between
the two modalities. The clearance rates after five treatments of TCA and cryotherapy were 81%
and 88% respectively and the recurrence rates over a period of 2 months with TCA and
cryotherapy were 36% and 39% respectively.25

In our study, the clearance rates of AIN on a per-patient basis with TCA in HIV-negative and
HIV-positive patients were 47 and 34 percent, respectively. On a per-lesion basis (AIN 1, AIN
2/3 as well as lesions of unknown grade) the average rate of clearance of all lesions was
somewhat higher at 64 percent. Defined as complete clearance as well as conversion to AIN
1, the overall response rate of AIN 2/3 was also quite high at 71%. While doing per-patient
analysis, we did not biopsy every lesion after treatment but used very rigorous definitions for
treatment response, i.e., complete absence of all lesions (and not merely reduction to a lower
grade) after visualization with high resolution anoscopy. Our per-lesion clearance results are
comparable to the clearance rates in the above mentioned earlier studies that determine the
efficacy of TCA in treating genital warts.25 However, the studies are not strictly comparable
since in the earlier study TCA was used to treat genital warts which are mainly caused by non-
oncogenic types of HPV (6 and 11) while AIN 2/3 is caused by oncogenic HPV types (16, 18,
31 and others).

We found TCA to be a safe outpatient treatment option for AIN as only 5% of treated patients
complained of mild side-effects, i.e., local discomfort and flare-up of pre-existing psoriasis.
Health care providers also find it safe and easy to use. Though there is no consensus regarding
treatment of flat AIN 1, our earlier published data show high progression to AIN 2–3 over two
years. Hence, we treated AIN 1 when feasible.22 TCA can be applied to more than one lesion
at a time, allowing treatment of multiple lesions in a single visit. TCA is also relatively
inexpensive. Our results show that TCA may be a useful first-line therapy in the patients under
50 years of age with one to two lesions; clearance was substantially lower among those with
more than 2 lesions. Although patients presenting with this limited degree of disease would be
relatively rare in a referral population such as ours, we expect that these patients would be more
common in a population that was being actively and routinely screened for AIN.
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Neither the grade nor the HIV status was significantly associated with response rates, although
this may reflect the small sample size of the study. TCA is probably less effective in large
bulky condylomas, which despite being classified as AIN 1, are hyperkeratotic and would
respond poorly due to poor penetration at the base of the lesion.

Among those who did clear, the per-patient recurrence rate was quite high, with our data
showing a trend to recurrence that was higher in patients with AIN 2–3. The recurrence rate
was likely overestimated since any new lesion that was diagnosed after initial clearance was
counted as recurrent, and many of these may have been new lesions unrelated to the treated
lesions. Whether or not these lesions are truly recurrent, these data do point to the need to
continue to monitor patients even after successful therapy.

To our knowledge, this is the first study that demonstrates the efficacy of TCA in long-term
clearance of AIN. A number of other treatment options are available for AIN for whom TCA
is not suitable or who fail TCA, including immunomodulation, locally ablative procedures and
surgery.26 Earlier studies have shown that surgery for AIN is associated with a poor outcome
in HIV-positive patients because of high persistence and recurrence rates after single procedure
and significant post-operative morbidity.27–29 In another study, 23 out of 29 HIV-positive
patients showed persistent/recurrent disease (p<0.003) after surgery.30 This result should be
interpreted with caution since surgery was reserved for patients who had the largest lesions or
who had failed other treatment modalities. However, a more recent retrospective study from
the same group showed better results.31 After an average follow up for 44 months, 78% of
patients treated surgically remained free of AIN 2–3 and the rate of progression to SCC was
only 1.2%. Treatment complications included anal stenosis, bleeding requiring reoperation,
anal fissure, myocardial infarction and cellulitis.

Infrared coagulation (IRC) is also an effective treatment for AIN in both HIV-positive and
HIV-negative men.32–34 It has been reported that the cure rate of AIN 2–3 with IRC with the
average number of lesions being 1.6 in HIV-positive MSM was 72%.33 After IRC, 65% of
treated HIV-positive individuals developed new AIN 2–3 in a mean of 217 days and 28%
persisted. After second and third treatments the new/persistent lesions dropped to 58% and
40% respectively. In HIV-negative MSM, IRC produced even better results with clearance of
81% and recurrence rates of 53% after a mean of 238 days, 28% and 0% after first, second and
third ablations.34 The clearance results of our per-lesion analysis were comparable to these
clearance rates. Though IRC is safe and effective, it requires local anesthesia or sedation, may
require several applications and is more expensive than TCA. Moreover, use of TCA allows
people with almost no additional training to treat AIN identifiable on HRA, whereas other
modalities such as IRC and surgery require further training and expertise. However, regular
follow-up after treatment with TCA is paramount to ensure regression/clearance of previously
treated lesions and to address any recurrent or newly appearing lesions. Hence TCA treatment
may require more patient visits compared with IRC.

One of the main limiting factors of our study was the small sample size. Normal cytology and
visual absence of all lesions were considered the criteria for response, but random biopsying
may have yielded results of AIN in some patients, leading us to overestimate the per-lesion
and per-patient response rates. Conversely, we may also have overestimated recurrence after
treatment since lesions detected during follow-up could have been newly appearing lesions
and not necessarily the recurrence of the treated lesion. Other limitations of the study include
the generalizability of the results since we selected patients with limited disease and treatment
at more frequent intervals may have led to better efficacy. Finally, in some patients, we used
cytology to classify the grade of disease prior to TCA therapy. Anal cytology is likelier to
underestimate the grade of true disease rather than overestimate it. Therefore, it is possible that
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we underestimated the proportion of patients with AIN 2/3, but since this was a small proportion
of our patients, the effect on our data is likely to be limited.

This is the first study that describes the efficacy and safety of TCA in the treatment of AIN.
Given its ease of use, low cost and good safety profile, TCA represents a reasonable first-line
therapy with carefully selected patients. Larger, prospective randomized studies are needed to
determine efficacy of TCA for treatment of AIN in comparison with other treatment modalities,
and ultimately to reduce the risk of progression of AIN to invasive cancer.

Conclusion
TCA may be a safe, inexpensive and effective treatment in patients with two or fewer discrete
AIN lesions, particularly for patients under 50 years of age. Follow-up is needed because of
the high potential for lesion recurrence.
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Table 2

Proportion of patients and lesions showing regression and clearance after treatment with 85% trichloroacetic acid

Lesion grade at first visit Complete clearance N (%) Regression to AIN 1 N (%) Regression to AIN 1 or less N (%)

Per-patient

AIN 1 6/19 (32%) - -

AIN 2/3 9/28 (32%) 8/28 (29%) 17/28 (61%)

Per-lesion

AIN 1 51/70 (73%) - -

AIN 2/3 35/55 (64%) 4/55 (7%) 39/55 (71%)

AIN, Anal intraepithelial neoplasia

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Singh et al. Page 11

Ta
bl

e 
3

R
is

k 
fa

ct
or

s f
or

 p
er

-p
at

ie
nt

 c
le

ar
an

ce
 w

ith
 T

C
A

 th
er

ap
y

C
ov

ar
ia

te
Pr

op
or

tio
n 

sh
ow

in
g

co
m

pl
et

e 
cl

ea
ra

nc
e

(p
er

ce
nt

)

U
ni

va
ri

at
e 

an
al

ys
is

A
na

ly
si

s a
dj

us
tin

g 
fo

r 
H

IV
 st

at
us

 o
nl

y

O
dd

s r
at

io
95

%
 c

on
fid

en
ce

 in
te

rv
al

p-
va

lu
e

A
dj

us
te

d
C

ov
ar

ia
te

 O
dd

s
ra

tio
95

%
 c

on
fid

en
ce

 in
te

rv
al

p-
va

lu
e

A
ge

<4
0

9/
20

 (4
5)

5.
3

0.
8–

58
0.

13
6.

1
0.

8–
67

.6
0.

09

41
–4

8
10

/2
0 

(5
0)

7.
2

1.
1–

77
0.

07
8.

4
1.

1–
94

0.
04

>4
9

2/
14

 (1
4)

1.
0

1.
0

R
ac

e
W

hi
te

11
/3

4 
(3

2)
0.

5
0.

1–
2.

0
0.

32
0.

5
0.

1–
1.

8
0.

36

O
th

er
10

/2
0 

(5
0)

1.
0

1.
0

G
ra

de
 o

f a
na

l l
es

io
n

A
IN

 2
–3

 1
9/

28
 (3

2)
1.

0
0.

2–
4.

0
1.

00
1.

0
0.

2–
3.

9
1.

0

A
IN

 1
 1

6/
19

 (3
2)

1.
0

1.
0

N
um

be
r 

of
 le

si
on

s
1–

2
16

/3
2 

(5
0)

3.
4

0.
9–

14
0.

08
3.

5
0.

9–
14

.7
0.

08

3 
or

 m
or

e
5/

22
 (2

3)
1.

0
1.

0

H
IV

 st
at

us
H

IV
-p

os
iti

ve
12

/3
5 

(3
4)

0.
6

0.
2–

2.
1

0.
51

H
IV

-n
eg

at
iv

e
9/

19
 (4

7)
1.

0

H
A

A
R

T
 st

at
us

2,
3

H
A

A
R

T
8/

22
 (3

6)
1.

3
0.

2–
7.

6
1.

00

N
o 

H
A

A
R

T
4/

13
 (3

1)
1.

0

C
D

4+
 le

ve
l a

t f
ir

st
 v

is
it 

3
>2

00
/m

L
10

/2
9 

(3
5)

1.
6

0.
1–

91
1.

00

<2
00

/m
L

1/
4 

(2
5)

1.
0

H
IV

 v
ir

al
 lo

ad
 a

t f
ir

st
 v

is
it 

3
<4

00
0/

m
L

10
/2

5 
(4

0)
∞

0.
74

–∞
0.

10

>4
00

0/
m

L
0/

7 
(0

)
1.

0

1 A
IN

, a
na

l i
nt

ra
ep

ith
el

ia
l n

eo
pl

as
ia

2 H
A

A
R

T,
 h

ig
hl

y 
ac

tiv
e 

an
tir

et
ro

vi
ra

l t
he

ra
py

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Singh et al. Page 12
3 H

IV
-p

os
iti

ve
 su

bj
ec

ts
 o

nl
y

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 December 1.


