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Value of s-ACE, BAL lymphocytosis, and CD4+/CD8+
and CD103+CD4+/CD4+ T-cell ratios in diagnosis of

sarcoidosis
To the Editors:

Sarcoidosis is one of the most common causes of idiopathic lung
disease. The international standard for diagnosis of sarcoidosis
is based on three criteria: 1) a compatible clinical and/or
radiological presentation; 2) histological evidence of noncaseat-
ing granulomas; and 3) exclusion of other diseases that produce
a similar histological or clinical picture [1]. The diagnosis of
sarcoidosis is supported by an elevated CD4+/CD8+ T-cell ratio,
bronchoalveolar lavage (BAL) lymphocytosis and elevated
serum angiotensin-converting enzyme (s-ACE). However, these
parameters are variable in sarcoidosis [2–4].

The integrin CD103 is expressed on CD4+ T-cells in BAL. Due
to the high influx of circulating T-cells to the granulomata in
sarcoidosis, a reduction in the fraction of BAL CD103+CD4+
T-cells has been suggested as a marker of sarcoidosis, in
combination with lymphocytosis and CD4+/CD8+ ratio [5]. In
selected groups of patients, decreases in the fraction of
CD103+CD4+ T-cells are significantly associated with sarcoi-
dosis [6, 7]. The purpose of this study was to evaluate these
parameters as diagnostic markers of sarcoidosis in consecutive
patients in a tertiary hospital setting.

The study included patients who underwent BAL with
subsequent flow cytometric analyses at the Dept of
Respiratory Medicine, Aarhus University Hospital (Aarhus,
Denmark) from August 2007 until April 2009 (n5107). The

descriptive parameters and paraclinical findings, including s-
ACE (U?L-1), BAL lymphocytosis (determined by differential
count), and CD4+/CD8+ and CD103+CD4+/CD4+ T-cell ratios
(determined using flow cytometry), were retrieved from case
records. The analysis of CD4+/CD8+ ratio was not performed
for five controls. The analysis of CD103+CD4+/CD4+ ratio was
not performed for six controls. The lymphocyte count was not
performed for 10 controls and two cases. The level of s-ACE
was not measured for 34 controls. Two patients in the case
group were treated with ACE inhibitors, and measurements of
their s-ACE levels were not included in the analyses.

All patients who were included in the case group had biopsy-
confirmed sarcoidosis with noncaseating granulomas that
were found in transbronchial or mediastinal lymph node
biopsies. 11 patients had sarcoidosis radiographic stage 0/I
and eight patients had stage II/III. We did not include patients
who were diagnosed with sarcoidosis on the basis of clinical
features, radiology or BAL findings alone.

Patients in the control group were diagnosed with other
pulmonary diseases (n588): extrinsic allergic alveolitis (n512),
idiopathic pulmonary fibrosis (n510), nonspecific interstitial
pneumonitis (n56), desquamative interstitial pneumonitis (n52),
lymphocytic interstitial pneumonitis (n51), collagen vascular
disease with interstitial lung disease (n510), unclassified inter-
stitial lung disease (n526), tuberculosis (n52), aspergillosis (n51)
and other nongranulomatous lung diseases (n518). c
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BAL fluid was passed through a 40-mm nylon mesh and
centrifuged. Subsequently, 100 mL BAL fluid was stained with
the following titrated antibodies: allophycocyanin-conjugated
CD45 antibody (BD 55485; Becton Dickinson, Brondby,
Denmark), AmCyan-conjugated CD3 antibody (BD 339186;
Becton Dickinson), peridinin–chlorophyll protein complex-
conjugated CD4 antibody (BD 332772; Becton Dickinson),
phycoerythrin-conjugated CD8 antibody (R0806; Dako,
Glostrup, Denmark) and fluorescein isothiocyanate-conjugated
CD103 antibody (BD 550259; Becton Dickinson). 16106 events
were analysed using a FACSCantoTM II system (Becton
Dickinson). Lymphocytes, and CD3+, CD3+CD4+ and
CD3+CD8+ T-cells were expressed as the fraction of CD45+
leukocytes. The number of CD3+CD4+ T-cells was divided by
the number of CD3+CD8+ T-cells to calculate the CD4+/CD8+
ratio. The number of CD3+CD4+CD103+ cells was divided
by the number of CD3+CD4+ T-cells to calculate the
CD103+CD4+/CD4+ ratio.

The mean values of the diagnostic markers were compared
using unpaired t-tests and p,0.05 was considered statistically
significant. For each parameter, the optimal cut-off point was
defined as the point on a two-parameter receiver operating
characteristic plot where sensitivity 5 specificity. Sensitivity,
specificity, positive predictive value and negative predictive
value were subsequently calculated.

We detected significantly elevated lymphocyte percentages
and CD4+/CD8+ ratios in BAL fluid and significantly elevated
s-ACE for sarcoidosis patients compared with those in patients
with other pulmonary diseases. However, we did not detect
any significant differences in CD103+CD4+/CD4+ in BAL fluid
between the patient groups (table 1). The combination of two
or three diagnostic markers lowered the sensitivity (35–59%)

and increased the specificity (.90%) (table 2). CD103+CD4+/
CD4+ did not correlate with radiographic staging.

KOLOPP-SARDA et al. [7] reported a sensitivity of 96% for the
combination of CD103+CD4+/CD4+ ,0.31 and CD4+/CD8+
o2.5. In their study, all sarcoidosis patients (n518) had biopsy-
confirmed diagnoses, .10% lymphocytes and CD4+/CD8+
o2.5. HERON et al. [6] reported a sensitivity of 66% and a
specificity of 89% for the combined use of CD103+CD4+/CD4+
,0.2 with BAL CD4+/CD8+ .3 or BAL/peripheral blood CD4+/
CD8+ .2 in 56 patients with biopsy-confirmed sarcoidosis.

Although BAL lymphocytosis is not a universal finding in
sarcoidosis [2], the aforementioned studies included only
patients with alveolar lymphocytosis. Among our sarcoidosis
patients, five (29%) out of 17 patients had a lymphocyte
percentage ,10%. Using our optimised cut-off levels of 0.22
and 3.8 for CD103+CD4+/CD4+ and CD4+/CD8+, respec-
tively, the sensitivity was 42% and the specificity was 91%.

Addition of CD103+CD4+/CD4+ to the combination of s-ACE
and CD4+/CD8+ decreased sensitivity (table 2).

When we applied the thresholds reported by HERON et al. [6] for
BAL CD103+CD4+/CD4+ and CD4+/CD8+ to our data, we
found a sensitivity of 39% (seven out of 18 patients) and
specificity of 87% (68 out of 78 patients). Because BAL/
peripheral blood CD4+/CD8+ was not measured in our study,
one patient with BAL CD4+/CD8+ ,3 and CD103+CD4+/CD4+
,0.20 was excluded to allow comparative studies. One of the
explanations for the lower sensitivity in our dataset may be the
fact that patients were not pre-selected for lymphocytosis.

Using the criteria that have been proposed by KOLOPP-SARDA

et al. [7], we found a sensitivity of 68% and a specificity of 79%.

TABLE 1 Diagnostic values of single parameters

Cases Controls Optimal

cut-off

Sensitivity % Specificity % PPV % NPV % p-value

Subjects n Mean (95% CI) Subjects n Mean (95% CI)

Lymphocyte fraction % 17 28.1 (18.9–37.4) 73 15.7 (12.1–19.3) 13 71 68 34 91 ,0.05

CD4+/CD8+ 19 6.1 (5.2–7.0) 83 3.7 (2.9–4.5) 3.8 68 73 37 91 ,0.02

CD103+CD4+/CD4+ 19 0.23 (0.20–0.27) 82 0.32 (0.28–0.36) 0.22 63 76 29 88 0.064

s-ACE U?L-1 17 119.0 (86.6–151.4) 54 57.2 (49.2–62.2) 84 82 89 70 94 ,0.001

PPV: positive predictive value; NPV: negative predictive value; s-ACE: serum angiotensin-converting enzyme.

TABLE 2 Diagnostic values of selected combinations of parameters

Combinations Cases n Controls n Sensitivity % Specificity % PPV % NPV %

CD103+CD4+/CD4+ ,0.22 and lymphocyte fraction .13% 17 68 35 93 55 85

CD103+CD4+/CD4+ ,0.22 and CD4+/CD8+ .3.8 19 78 42 91 53 87

s-ACE .84 U?L-1 and CD103+CD4+/CD4+ ,0.22 17 50 53 96 82 86

CD103+CD4+/CD4+ ,0.22, CD4+/CD8+ .3.8 and s-ACE .84 U?L-1 17 48 35 100 100 81

PPV: positive predictive value; NPV: negative predictive value; s-ACE: serum angiotensin-converting enzyme.
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An earlier study demonstrated a significantly decreased level
of CD103+CD4+/CD4+ in radiographic stage I sarcoidosis
compared with healthy controls and significantly elevated
levels in radiographic stage II/III sarcoidosis [5]. We found no
significant differences in CD103+CD4+/CD4+ levels between
the two radiographically staged groups in our study.

s-ACE is an important marker of sarcoidosis with high
sensitivity but low specificity. A polymorphism in the ACE
gene affects normal s-ACE concentration [8]. A homozygotic
deletion in the promoter resulted in high levels of s-ACE (59.8
versus 32.2 U?L-1 for the homozygous insertion allele;
p,0.0001) in a north German population [8]. Screening for
this polymorphism is not common practice; however, the use
of genotype-corrected normal ranges may increase the value of
this parameter in the diagnosis and follow-up of sarcoidosis.

The combinations of CD103+CD4+/CD4+, CD4+/CD8+ and
lymphocyte percentages that were tested in this study showed
limited diagnostic value in this unselected group of sarcoidosis
patients. Previously proposed criteria based on combinations
of CD103+CD4+/CD4+ and CD4+/CD8+ had a lower sensi-
tivity in this study than previously reported. s-ACE is an
established marker of sarcoidosis and is the most useful of the
markers that were investigated in this study.

Sarcoidosis is a disease with several phenotypes, which
complicates the search for useful diagnostic markers. There
remains an unmet need for new improved methods to support
diagnosis when there is suspicion of sarcoidosis.
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Surgical salvage following stereotactic body

radiotherapy for early-stage NSCLC

To the Editors:

For medically inoperable early-stage nonsmall cell lung cancer
(NSCLC) patients, stereotactic body radiotherapy (SBRT) is the
emerging treatment of choice. SBRT differs from conventional
radiotherapy (RT) in that large doses of radiation are employed
over a few (usually fewer than five, but sometimes up to 10)
fractions to radioablate the tumour. Safe delivery of such
profoundly damaging doses requires highly precise RT, in
conjunction with image guidance and careful treatment
planning.

Several prospective clinical trials have confirmed the feasi-
bility, safety and efficacy of SBRT, consistently reporting local
control rates of 80–95%, comparable to surgical resection [1–3],
although assessment of response is more complicated than it is
following surgery [3]. Radiographic changes following SBRT

differ from those following conventional RT, suggesting a
unique histological response, and characterisation of these
changes is a clinical challenge. Little is known of the histology
of local recurrence following SBRT, since medically inoperable
patients who fail locally cannot be salvaged surgically. Fine-
needle aspiration biopsy provides only cytological information
and is subject to false-negative results, while very frail patients
may not even be able to tolerate the biopsy. Without
histological confirmation, local failure (LF) is a clinical rather
than a pathological diagnosis. In this report, we review our
experience of four patients originally treated with SBRT who
were salvaged surgically for their presumed LF.

From October 2004 to December 2010, we treated 209 patients
with early (T1–2N0M0) NSCLC using SBRT on a prospective
institution research ethics board-approved protocol. All
patients were deemed medically inoperable by an experienced c
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