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Abstract

Background People living with HIV (PLWH) face greater risks of developing non-AIDS-defining cancers (NADCs) than the
general population; however, the underlying mechanisms remain elusive. The tumor microenvironment plays a significant
role in the carcinogenesis of colorectal cancer (CRC), an NADC. We studied this carcinogenesis in PLWH by determining
inflammatory phenotypes and assessing PD-1/PD-L1 expression in premalignant CRC stages of colon adenomas in HIV-
positive and HIV-negative patients.

Methods We obtained polyp specimens from 22 HIV-positive and 61 HIV-negative participants treated with colonoscopy and
polyp excision. We analyzed adenomas from 33 HIV-positive and 99 HIV-negative patients by immunohistochemistry using
anti-CD4, anti-CD8, anti-FoxP3, and anti-CD163 antibodies. Additionally, we analyzed the expression levels of immune
checkpoint proteins. We also evaluated the correlation between cell infiltration and blood cell counts.

Results HIV-positive participants had fewer infiltrating CD4" T cells than HIV-negative participants (p = 0.0016). How-
ever, no statistical differences were observed in infiltrating CD8" and FoxP3™" T cells and CD163* macrophages. Moreover,
epithelial cells did not express PD-1 or PD-L1. Notably, CD4* T cell infiltration correlated with nadir blood CD4* T cell
counts (p < 0.05) but not with current blood CD4* T cell counts.

Conclusion Immune surveillance dysfunction owing to decreased CD4% T cell infiltration in colon adenomas might be
involved in colon carcinogenesis in HIV-positive individuals. Collectively, since the nadir blood CD4" T cell count is strongly
correlated with CD4™ T cell infiltration, it could facilitate efficient follow-up and enable treatment strategies for HIV-positive
patients with colon adenomas.
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Introduction

Although antiretroviral therapy (ART) has considerably
increased the overall survival of HIV-infected patients,
people living with HIV (PLWH) still face a higher risk of
developing several non-AIDS-defining cancers (NADCs)
than the general population [1, 2]. Research studies have
proposed several factors that cause high rates of NADC in
PLWH. These include certain lifestyle elements (e.g., smok-
ing and alcohol consumption), potential oncogenic virus
co-infections, and other factors, such as chronic immuno-
suppression, impaired immune surveillance, inappropriate
immune activation, pro-oncogenic HIV effects, inflamma-
tion and coagulation, and ART toxicity [3—5]. The degree
of immunosuppression has a profound negative effect on
carcinoma development [6]. However, mechanisms underly-
ing increased NADC risk in HIV-infected individuals remain
unelucidated.

Colorectal cancer (CRC) is an NADC and is the third
most common malignancy [7]. Several studies have reported
discordant results regarding the risk of developing CRC in
PLWH compared with that in HIV-negative individuals [2,
8]. However, a recent report revealed that the risk of CRC is
elevated in HIV-infected Asians [9]. In addition, CRC can
be diagnosed at early onset, an advanced stage, and during
rapid disease progression in PLWH [10]. Notably, PLWH
have been reported to have a higher rate of colorectal adeno-
mas than the general public [11].

The majority of CRCs develop based on the ade-
noma—carcinoma sequence [12, 13]. Moreover, the micro-
environment of the tumor, which includes tumor-infiltrating
cells, has a substantial role in the development of colorectal
carcinogenesis. In fact, it supports the multistep progres-
sion of a normal epithelium to an adenoma and ultimately
to an invasive colon carcinoma [14]. Multiple studies have
observed increased inflammation within colon adenomas,
suggesting its involvement in cancer progression [15-17]. To
study colon carcinogenesis in PLWH at the level of the local
immune microenvironment, we analyzed the inflammatory
phenotypes of colonic adenomas in both HIV-infected and
non-infected Japanese subjects. Furthermore, we examined
the expression of immune checkpoint proteins, particularly
programmed cell death protein 1/programmed cell death
ligand 1 (PD-1/PD-L1), which play essential roles in regu-
lating immune surveillance and tumor progression [18].
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Patients and methods
Study participants

We obtained tissue samples from the colon adenomas of
22 HIV-positive and 61 HIV-negative individuals (control)
with a similar age and sex distribution. HIV-positive status
had been diagnosed by the detection of HIV antibodies via
Western blot and HIV-RNA by polymerase chain reac-
tion. Individuals in both these groups had undergone and
endoscopic or surgical polyp excision between 2011 and
2021 at our hospital. These polyps had been histopatho-
logically diagnosed as adenomatous polyps or adenomas.
Patients with immune disorders other than HIV infection,
such as hematologic and autoimmune diseases, and those
taking aspirin, steroid, and/or other immunomodula-
tory drugs were excluded from this study. The adenoma
samples were classified by their size (<10 mm and >10
mm), morphology (pedunculated and sessile), location
(left and right colon), and histological grade (low-grade
and high-grade dysplasia). Additionally, we obtained the
demographic and laboratory data of the participants ret-
rospectively through their hospital records. Nadir and cur-
rent CD4" T cell counts were defined as the lowest CD4*
T cell count and the CD4* T cell count at the time of
polyp resection, respectively. This study was approved by
the IMSUT research ethics committee (approval number:
2020-15-0618).

Assessment of infiltrating immune cell phenotypes

We analyzed the infiltrating immune cell phenotypes by
performing immunohistochemistry (IHC) on the colon
adenomas. In this regard, we first stained the tissue by a
polymer-based method (EnVision+™ Dual Link System-
HRP; Agilent Technologies, Santa Clara, CA, USA). The
adenoma sections were deparaffinized; then, CD4, CDS,
CD163, FoxP3, PD-1, and PD-L1 antigens were retrieved
at 110 °C for 10 min with a citrate buffer and a tris-EDTA
buffer. We used a 3% hydrogen peroxide solution for 5 min
to inhibit endogenous peroxidase activity in the sections.
We then incubated them with primary antibodies for
30 min at 37 °C. The supplier, clone, and dilutions of the
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Table 1 Characteristics of antibodies used in immunohistochemistry
Cell type Cell marker and Dilution Supplier Clone
antigen
T helper cell CD4 1:250 Abcam, Cambridge, UK EPR6855
Cytotoxic T cell CD8 1:100 Abcam, Cambridge, UK SP16
Regulatory T cell FoxP3 1:50 Abcam, Cambridge, UK SP97
M2-like macrophage CD163 1:200 Leica Biosystems, Nussloch, Germany 10D6
PD-1 1:100 Spring Bioscience, Fremont, CA, USA Not applicable
PD-L1 1:100 Cell Signaling Technology, Beverly, MA, USA EIL3N

primary antibodies used in IHC are provided in Table 1.
The sections were then washed in tris-buffered saline and
treated with Envision+™ Dual Link System-HRP rea-
gent at 37 °C for 30 min. Thereafter, they were stained
with diaminobenzidine for 3 min and counterstained with
hematoxylin.

Using a high-power microscopic field (X400 magnifica-
tion), we obtained digital images of five random independ-
ent areas in the top region of each adenoma sample. The
number of antigen-positive cells was manually measured.
Furthermore, we estimated this count in each tumor stroma
and adenomatous epithelial area and determined the com-
bined count. CD4 antigen-positive cells with lymphocytic
morphology were counted as CD4" T cells because mac-
rophages also express CD4. The total number of infiltrat-
ing immune cells in all five areas was used for statistical
analysis.

Statistical analyses

GraphPad Prism version 9 for Windows (GraphPad Soft-
ware, San Diego, California USA) was used to conduct sta-
tistical analyses. Descriptive statistics are indicated as the
mean =+ standard deviation. For comparisons between HIV-
positive and HIV-negative subjects, the Mann—Whitney U
test was applied. Additionally, to evaluate the relationship
between infiltrating immune cells and blood cell counts, the
Spearman correlation test was used. p < 0.05 were consid-
ered statistically significant.

Results
Samples characteristics

We included 83 participants (22 HIV positive and 61 HIV
negative) in this study. Their demographic and clinical
characteristics, including CRC risk elements (e.g., smok-
ing, alcohol intake, obesity) [19], are shown in Table 2.
All participants were male, and no significant differences
were found in the characteristics of HIV-positive and

HIV-negative participants (Table 2). All patients, except
one in the HIV-positive group, were on ART, with the
disease being controlled in 21 (95.5%) of them based on
an endoscopic examination. The mean duration of the ART
regimen was 9.3 years (range 0—26 years), and the mean
time from CD4 nadir was 9.5 years (range 0-23 years).
Only one HIV-positive participant had a history of AIDS
(Table 3). The clinical and pathological features of the
adenomas, such as their size, morphology, location, and
histological grade, are summarized in Table 4. In total,
41.7%, 43.9%, and 55.3% of the adenomas comprised
lesions >10 mm, had a pedunculated morphology, and
included low-grade dysplasia, respectively. Additionally,
62.1% of the adenomas were found on the left side and
37.9% were on the right side of the colon.

Assessment of the immune cell phenotypes

The distributions of the infiltrating immunocytes, includ-
ing CD4*, CD8*, and FoxP3* T cells and CD163" mac-
rophages, in the top region of the adenomas examined by
IHC are shown in Fig. 1. Notably, immune cells primarily
infiltrated the tumor stroma. The numbers of infiltrating
immune cells are presented in Fig. 2 and Table 5. A lower

Table 2 Demographic and clinical characteristics of study partici-
pants

Total HIV positive HIV negative

N 83 22 61
Age, median (range), 55.3 (30-78) 56 (32-78) 54.7 (30-78)

years
Sex, n (%)

Male 84 (100%) 22 (100%) 61 (100%)

Female 0 (0%) 0 (0%) 0 (0%)
Smoker 45 (53.6%) 11 (50%) 33 (54.1%)
Alcohol drinker 42 (50%) 7 (31.8%) 34 (55.7%)
Obesity (BMI > 25) 29 (34.5%) 6 (27.3%) 22 (36.1%)
Diabetes 5 (6.0%) 2(9.1%) 3(4.9%)

N number of participants; BMI body mass index
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Table 3 Characteristics of HIV-

positive subjects N

On ART

Untreated

History of AIDS
No history of AIDS

Time on ART (years) median number of years (range)

Time from CD4 nadir (years) median number of years (range)

CD4 nadir (cells/pL) median number of cells (range)

CDS8 at nadir of CD4 (cells/pL) median number of cells (range)

CD#4 at the time of polyp resection (cells/uL) median number of cells (range)
CDS at the time of polyp resection (cells/uL) median number of cells (range)

22

21 (95.5%)

1 (4.5%)
1 (4.5%)

21 (95.5%)

9.3 (0-26)

9.5 (0-23)
192.0 (19-501)
748.0 (240-1746)
542.3 (215-1002)
767.0 (242-2903)

AIDS acquired immunodeficiency syndrome; ART antiretroviral therapy; N number of subjects

number of infiltrating CD4* T cells was seen in HIV-posi-
tive participants than in HIV-negative patients (p = 0.0014
[stroma] and p = 0.0016 [combined]). However, there
were no statistically significant differences in the number
of CD8" and FoxP3™ T cells and CD163" macrophages
in adenomas between HIV-positive and HIV-negative
patients.

PD-1/PD-L1 expression in the top region
of the adenoma

PD-1 or PD-L1 expression was not detected in epithelial
cells; however, notably fewer infiltrating immune cells in
the adenomas expressed PD-1 or PD-L1 (Fig. 1). In addition,
no statistically significant difference in the number of infil-
trating cells expressing PD-1 and those expressing PD-L1
in adenomas was observed between HIV-positive and HIV-
negative patients (Fig. 2, Table 5).

Table 4 Pathological characteristics of the colon adenomas analyzed
in this study

Total HIV positive HIV negative

n 132 33 99
Size, n (%)

<10 mm 55 (41.7%) 10(30.3%) 45 (45.5%)

>10 mm 77 (58.3%) 23(69.7%) 54 (54.5%)
Morphology peduncu- 58 (43.9%) 10(30.3%) 48 (48.5%)

lated
Sessile 74 (56.1%) 23(69.7%) 51 (51.5%)
Location left colon 82 (62.1%) 25(75.8%) 57 (56.6%)
Right colon 50 (37.9%) 8 (24.2%) 42 (43.4%)
Histological grade low 73 (55.3%) 20(60.6%) 53 (53.5%)
High 59 (44.7%) 13 (39.4%) 46 (46.5%)

n number of adenomas analyzed
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Correlation between immune cell infiltration
and blood cell counts in HIV-positive participants

As depicted in Fig. 3, the number of infiltrating CD4% T
cells was correlated with the nadir, but not the current, blood
CD4" T cell counts (p = 0.0054 [stroma] and p = 0.0043
[combined]) in the HIV-positive participants. Interestingly,
the number of infiltrating CD8™ T cells was correlated with
both the nadir and current blood CD8™ T cell counts.

Discussion

The immune microenvironment is important for the estab-
lishment of sporadic CRC [14]. Thus, understanding the
composition of immune cells in colon adenomas can deter-
mine the etiology of colon carcinogenesis in HIV-positive
patients and help to develop future clinical interventions.
This study assessed the number of infiltrating immunocytes
and PD-1/PD-L1 expression in colon adenomas of HIV-
positive and HIV-negative patients, which comprise the
premalignant stage of CRC.

A study using an immunoediting model demonstrated that
tumor-infiltrating lymphocytes substantially prevent tumor
development in the elimination phase of the cancer immu-
noediting process [20]. Importantly, CD4" helper T cells,
CD8* cytotoxic T cells, and natural killer (NK) cells play
important roles in immune surveillance [20]. Of note, one
study reported that CD4" and CD8* T cells are more numer-
ous in colon adenomas than in normal tissue [17]. How-
ever, the HIV-induced dysfunction of NK cells can interrupt
immune surveillance of malignant cells, thereby promoting
cancer progression [4]. Nonetheless, very few NK cells were
detected in adenomas in our preliminary examination using
an anti-CD56 antibody; this observation was consistent with
that of a recent report [15]. Therefore, in this study, we ana-
lyzed CD4* and CD8* T cells but not NK cells.



International Journal of Clinical Oncology (2022) 27:1321-1330

1325

Fig. 1 Distribution of immu-
nocytes infiltrating adenomas
of HIV-positive and HIV-
negative colon patients. CD4*
T cells in a HIV-infected and b
HIV-negative subjects. CD8*

T cells in ¢ HIV-infected and d
HIV-negative subjects. FoxP3*
T cells in e HIV-infected and f
HIV-negative subjects. CD163*
macrophages in g HIV-infected
and h HIV-negative subjects.
PD-1 expression in i HIV-
infected and j HIV-negative
subjects. PD-L1 expression in
k HIV-infected and 1 HIV-nega-
tive subjects

The number of CD4* T cells in colon adenomas was sig-
nificantly lower in the HIV-positive subjects than that in the
HIV-negative patients. The blood count of CD4* T cells is a
measure of HIV activity. In fact, there is accumulating evi-
dence supporting a correlation between lower blood CD4*

T cell counts and NADC risk. Thus, HIV-associated immu-
nodeficiency affects cancer predisposition by hindering the
immune surveillance of tumor cells [3, 4]. Furthermore, Bini
et al. reported substantial associations between the blood
CD4* T cell counts and distal colon neoplastic lesions [21].

@ Springer
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Fig.2 Comparison of immune cell counts (CD4*, CD8", and FoxP3*
T cells, CD163% macrophages, and PD-1- and PD-L1-expressing
infiltrating cells) between HIV-positive and HIV-negative subjects

However, no significant differences in infiltrating CD8" T
cell density were observed between HIV-positive and nega-
tive subjects; this is concordant with other reports on other
neoplasms in HIV-infected individuals [22, 23]. Our results
indicate that decreased tumor infiltration by CD4" T cells
promotes immune surveillance dysfunction, thereby contrib-
uting to colon carcinogenesis in HIV-positive subjects. Mul-
tiple studies have demonstrated that HIV-positive patients
exhibit reduced CD4* T cell infiltration in tumors such as
HIV-DLBCL [24] and cervical intraepithelial neoplasia [23].
However, most of these are AIDS-defining cancers or other
infection-related malignancies [22, 23]. To our knowledge,
ours is the first report to assess immune cells in precancerous
colon lesions of HIV-positive subjects.

We also found a correlation between tumor-infiltrating
cell count and nadir (and not current) blood count of CD4*
T cells. This might explain why PLWH develop NADC
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frequently, despite having good immunity and a high CD4*
T cell count [25]. Indeed, the nadir blood count of CD4™*
T cells has been associated with a few NADCs [26], ath-
erosclerosis diseases (e.g., ischemic heart disease [27], and
intracranial atherosclerosis [28]), and inflammatory markers
in plasma, as in HIV-infected patients on stable ART with
high levels of IL-6 [29]. Nadir CD4 might be associated
with various complications in the chronic phase. Kobayashi
et al. reported no distinct correlation between CD4* T cell
density in HIV-positive cervical neoplasia and the nadir
peripheral CD4* T cell count [23]. This discordance with
our result could be because of the organ-specific nature of
CD4* T cells. For example, during an acute HIV infection,
the exhaustion of CD4% T cells occurs earlier in the gut
mucosa than in the blood and other lymphatic tissues [30].
Moreover, studies have observed the considerably delayed
recovery of intestinal CD4* T cell levels after ART initiation
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Table 5 Mean number of infiltrating immune cells distributed in the
colon adenomas

Stroma HIV positive ~ HIV negative  p-value
CD4* infiltration 77.97+48.77  115.8+64.44 0.0014%*
CD8* infiltration 43.00+43.31  43.16+£24.94 0.3698
FoxP3* infiltration 34.67+21.85  35.09+25.94 0.5782
CD163" infiltration 54.06+29.08  56.38+31.31 0.7686
PD-17 infiltration 0.60+1.35 0.83+1.30 0.1115
PD-L17 infiltration 3.33+5.24 5.59+8.22 0.0662
Epithelium
CD4* infiltration 3.12+4 .4 3.72+6.60 0.8890
CD8" infiltration 8.06+10.52  5.848+6.59 0.7003
FoxP3* infiltration 1.33+2.18 0.66+1.24 0.1706
CD163* infiltration 0.64+1.73 0.34+1.15 0.1395
PD-17 infiltration 0.00+0.00 0.02+0.14 >0.9999
PD-L1* infiltration 0.00+0.00 0.00+0.00 >0.9999
Combined
CD4" infiltration 81.09+£50.58  119.5+64.93 0.0016%**
CD8" infiltration 51.06+48.39  49.01+27.61 0.5138
FoxP3™ infiltration 36.00+23.08  35.75+26.17 0.5154
CD163" infiltration ~ 54.70+29.54  56.73+31.85 0.8210
PD-1* infiltration 0.60+1.35 0.85+1.30 0.0923
PD-L1* infiltration 3.33+5.24 5.59+8.22 0.0662

Statistical significance: *p<0.05, **p<0.01

in HIV-1-infected patients, despite patients having an unde-
tectable plasma load of the virus and an increased periph-
eral blood CD4* T cell count [31, 32]. In our study, HIV-
positive patients had been on ART for 0-26 years (median
9.4 years), which is a remarkably long period compared to
that reported in previous reports on gut CD4" T cells. How-
ever, these patients still exhibited a significant reduction
in CD4" T cells in their adenomas. The exact mechanism
of this incomplete recovery is still unknown; nevertheless,
insufficient cell recruitment to the gastrointestinal tract [32],
susceptibility to HIV and depletion of gut-homing CD4* T
cells [33], exhaustion [34], and insufficient differentiation
[35] of CD4* T cells in gut mucosa, have been postulated
to be a cause of the persistent mucosal depletion of CD4* T
cells. Unfortunately, flow cytometry analysis of lymphocytes
in peripheral blood and adenomas to determine lymphocyte
subtype including gut-homing CD4* T cells could not be
performed in the present study as described later. The reason
of prolonged depletion of CD4 cell in colon adenomas could
not be further assessed.

Thus, based on our results and previous reports, we spec-
ulate that the ART might not help HIV-positive patients to
recover completely once colon mucosal CD4* cell numbers
are lower, despite long-term treatment. Length of time on
ART had no correlation with gastrointestinal CD4" T cells,
and continuous depletion or irreparable damage of these

cells were suggested [36]. Therefore, the ART should be
provided during the earlier phases of HIV infection, such
as before the reduction in gut-homing CD4* T cells, as this
approach can potentially restore the gut mucosal immune
system [37]. Furthermore, providing the ART with high
CD4" T cell counts has been suggested to be useful in
decreasing NADC risk [38].

Regulatory T cells (Tregs) and M2-like macrophages,
which we assessed by FoxP3 and CD163 IHC, are rep-
resentative inflammatory cells that are immunosuppres-
sive [39, 40]. In fact, Tregs have been demonstrated to be
increased in colon adenomas [17]. The relative frequency
of Tregs increases as the disease progresses in HIV-infected
subjects. It has also been shown that CD4™" T cell depletion
during HIV/SIV infection partially spares Tregs, wherein
the latter are partially restored following the onset of ART
[41]. Premalignant adenomas have an increased number of
macrophages that comprise a mixed population of M1/M2
phenotypes [15, 41]. Although the role of polarized mac-
rophages is largely uncertain in HIV, a shift towards M2 phe-
notypes is prevalent in the later stages of disease progression
[42]. Owing to these observations, it can be deduced that
these regulatory immune cells play distinct roles in colon
adenomas of HIV-positive individuals. However, our results
indicated no significant differences in FoxP3* or CD163"
cell infiltration, suggesting that these cells might not have
differing roles in HIV-positive and HIV-negative subjects.
This might be because HIV has fewer adverse effects on
Tregs and M2-like macrophages than it does on CD4* T
cells. In fact, relative Treg resistance to HIV/SIV-mediated
killing was reported [43]. Resistance of macrophages to cell
death mediated by HIV infection was also shown [44]. Fur-
thermore, the prevalence of HIV-infected macrophages in
gastrointestinal mucosa is very low [45].

Increased expression of PD-1/PD-L1 is one of the most
important mechanisms of immune escape utilized by
tumors [18]. For example, one study reported PD-1/PD-L1
expression in intraepithelial lymphocytes and increased
PD-L1 expression in epithelial cells of colon sessile ser-
rated adenomas [46]. Whereas PD-1/PD-L1 expression
was not found in epithelial cells of colon adenomas in our
study, it was observed in a small number of the infiltrates.
No significant differences were revealed in the number of
PD-1-positive infiltrates or PD-L1-expressing infiltrates in
adenomas between HIV-positive and HIV-negative patients.
Most of these cells had lymphocyte and macrophage and/
or dendritic cell morphologies, respectively. Notably, HIV-
specific T cells showed increased PD-1 receptor expres-
sion. This decreased following ART initiation but not to
pre-infection levels [47]. Furthermore, PD-L1 expression
has been detected in HIV-infected lymph node cells, which
show a myeloid/macrophage morphology [48]. Although
these reports indicate that PD-1/PD-L1 has key roles in the
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Fig.3 a Correlation between a nadir and b current blood counts of
CD4" T cells and number of infiltrating CD4" T cells in HIV-positive
adenomas. b Correlation between ¢ nadir and d current blood counts

immune cells of HIV-positive subjects, our results indicate
that the PD-1/PD-L1 interaction is insignificant in colon
adenomas, regardless of patient HIV infection status.
Whereas we considered the common risk factors of colon
adenomas, such as obesity, smoking, and alcohol intake,
the retrospective study design and relatively low number of
HIV-positive (and exclusively male) subjects are the limita-
tions of this study. Additionally, CD4" T cells have different
immune functions in anti-tumor responses. Indeed, infiltrat-
ing T cells do not always elicit immune responses without
activating co-stimulatory signals [49]. However, we did not
evaluate the functional role of the infiltrates as our study

@ Springer

of CD8* T cells and number of infiltrating CD8* T cells in adenomas
of HIV-positive patients.*p<0.05, **p<0.01, ***p<0.001

comprised a cross-sectional nature and was dependent on
a histological analysis. Flow cytometric analysis was not
applicable because the polyp samples were embedded in
paraffin, and blood samples were not usable because of ret-
rospective study design. Another limitation is that there is no
standardized method to evaluate the local immune environ-
ment of colorectal adenomas. We analyzed immune cells in
the top region of the adenomas because most adenomas tend
to have more dysplasia in that region. Moreover, cell dyspla-
sia is commonly located at the surface area of crypts [50].
In summary, our study is the first of its kind to dem-
onstrate decreased CD4* T cell infiltration in colon ade-
nomas of HIV-positive subjects. We also determined its
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correlation with the nadir blood count of CD4"* T cells.
Cancer screening is critical, as PLWH frequently develop
NADC despite having good antiviral immunity with high
CD4™" T cell numbers and undetectable viremia [25]. Thus,
the nadir blood count of CD4* T cells could be a possible
guide for efficient follow-up and treatment strategies for
colon adenomas in HIV-positive patients. Nonetheless,
further investigations are required to assess the functional
roles of the immune microenvironment in colon carcino-
genesis and determine an efficient treatment for colon
adenomas in HIV-positive subjects.
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