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Abstract
Purpose: The purpose of this work was to study the sera
of patients with lymphoepithelioma-like carcinoma (LELC)
of the lung for circulating EBV DNA.
Experimental Design: Prospectively collected serum
samples from five female patients with advanced, inoperable
LELC of the lung were measured for free circulating EBV
DNA using a quantitative PCR technique. EBV-encoded
small RNA (EBER)-1 was assayed in serial serum samples of
three of the five patients, either from the start or during the
initial phase of chemotherapy/radiotherapy until their terminal event or last follow-up. There was only a single-point
sample for analysis in the fourth and fifth patients. Six other
patients with LELC of the lung were also retrospectively
identified, and their sera were tested for EBER-1 at either
the first visit plus the last follow-up visit (n ⴝ 2), the first
visit only (n ⴝ 2), or the last follow-up visit only (n ⴝ 2).
Results: Prospectively collected serum samples from
five patients and retrospectively collected serum samples
from two patients who had clinical disease at initial serum
measurement showed detectable levels of EBER-1. Retrospectively collected serum samples from four patients with
no clinical disease had negative sera. There is consistent
correlation between the clinical response to treatment and
subsequent clinical course of LELC and serum EBER-1
levels in the three prospective patients with longitudinal
serum monitoring.
Conclusions: This study shows for the first time that
free EBV DNA can be detected in the serum of patients with
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LELC of the lung and further suggests the feasibility of its
use for monitoring response to therapy in advanced cases.

Introduction
The most common site for the occurrence of LELC2 is the
nasopharynx, and practically all cases are associated with EBV.
LELC can also occur infrequently in other sites of the foregut,
such as the salivary glands (1– 4), lung (5– 8), thymus (9, 10),
and stomach (11, 12). Cholangiocarcinoma has also recently
been demonstrated to be associated with EBV (13, 14). LELC of
the salivary gland and lung has a very strong association with
EBV in Asian patients, but not in Caucasians. The association
with EBV in gastric and thymic LELC is independent of race
(15). However, LELCs of the bladder, skin, vagina, and cervix
are usually EBV negative (15).
Although multiple reports from Southern China, Taiwan,
and Hong Kong have demonstrated EBER in tumor cells of lung
LELC by ISH (5– 8), none has thus far shown the presence of
free circulating EBV DNA in the serum of these patients. Such
an observation, which has already been established for NPC (16,
17) and LELC of the stomach (18), will further strengthen the
close association or even causal relationship between EBV and
LELC of the lung. Capitalizing on such a relationship, the serum
EBV DNA, which may reflect the tumor burden, can be used as
surrogate tumor marker to assess treatment response. We report
a series of 11 Chinese patients with LELC of the lung, of whom
7 patients with advanced disease had measurable free EBV
DNA in their sera.

Materials and Methods
Patient Recruitment. From May 2000 to October 2001,
five patients (patients 1–5) with histologically proven LELC of
the lung were seen at our department. All were relatively young
female nonsmokers. They presented with advanced disease (one
patient presented with stage IIIA, two patients presented with
stage IIIB, and two patients presented with stage IV disease)
with no prior surgery performed before referral. Fiberoptic
endoscopy was performed to exclude the possibility of an occult
nasopharynx primary tumor in four of the five patients. After
obtaining the patient’s consent, prospective serial serum monitoring for EBER-1 was initiated, and serum samples were collected at regular intervals whenever possible. Ten other patients
with LELC of the lung treated in the institution between 1995
and 1999 were identified from the database. Of the 10 patients,
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The abbreviations used are: LELC, lymphoepithelioma-like carcinoma; Q-PCR, quantitative PCR; EBER, EBV-encoded small RNA;
ISH, in situ hybridization; NPC, nasopharyngeal carcinoma; VCA, viral
capsid antigen; PF, platinum and 5-fluorouracil; EP, etoposide and
platinum; CT, computed tomography; PR, partial response.
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Table 1

Pattern of serum collection among the 11 patients

Patient

Prospective serum
collection planned

Initial serum available at diagnosis
before primary therapy

Serial serum profile available
during and after therapy

Serum available at last
follow-up or death

1
2
3

⫹
⫹
⫹

⫹
⫹
⫹

⫹
⫹

4
5

⫹
⫹

⫹
⫹
⫹ (1st sample after chemotherapy
started)
⫹
⫹

6
7
8
9
10
11

⫹
⫹
⫹
⫹

4 patients (patients 6 –9) were found to have had a single-point
archival serum sample collected at their first visit to the institution and stored for research, and the samples were recruited
for analysis. Two of the four patients are still alive, and they
were called back for a second follow-up serum collection. Of the
remaining six patients without an initial archival serum sample,
two patients (patients 10 and 11) were available for follow-up
serum collection, which represented the first and only sample
after their diagnosis. The serum collection pattern of the 11
patients is highlighted in Table 1.
Tumor tissue samples were obtained from previous biopsies (via bronchoscopy, needle aspiration, or mediastinoscopy)
or lung tumor resections (lobectomy or pneumonectomy) performed before referral. Histology of LELC of all patients was
reviewed and confirmed according to the 1999 WHO criteria by
the institution’s consultant pathologist (J. K. C. C.; Ref. 19).
Clinical staging was performed according to the 1997 tumornode-metastasis (TNM) staging system (20). The tumor cells in
all biopsies or resected specimens showed positive staining for
EBER by ISH. The individual clinical history and treatment
outcome of the five prospectively monitored patients is summarized briefly below.
Patient 1. The first patient was a 43-year-old housewife
presenting in July 2000 with massive left pleural effusion.
Pleural biopsy and tapping confirmed the presence of EBERpositive LELC involving the pleura. However, serum IgA for
EBV VCA was negative at a 1:5 dilution. After chemical pleurodesis of the left pleural cavity, chemotherapy consisting of PF
was started for her stage IIIB (T4N0M0) disease. After three
cycles of PF, she was switched to second-line salvage chemotherapy consisting of a 3-day infusion of EP due to progressive
left pleural effusion with intensified chest wall pain and cough.
There was radiological reduction of pleural effusion and alleviation of chest symptoms after a total of two cycles of EP
chemotherapy. Unfortunately, further chemotherapy was withheld because of its nephrotoxicity. She died of progressive
disease 2 months after the last chemotherapy.
Patient 2. The second patient is a 44-year-old female
nonsmoker who has persistent ductus arteriosus and Eisenmemger Syndrome. She had progressive mediastinal lymphadenopathy, right pleural effusion, and right lower lobe consolidation after 9 months of anti-tuberculosis therapy for a prior

Chemotherapy not started

Chemotherapy not
started
⫹
⫹
⫹
⫹

diagnosis of pulmonary tuberculosis. Notwithstanding a complaint of hemoptysis, which was regarded as a symptom related
to her incompletely cured pulmonary tuberculosis, bronchoscopy was not performed in view of her compromised cardiac
status. The diagnosis of EBER-positive lung LELC was made
from a needle aspiration biopsy of a chest wall mass noticed for
about 2 months in August 2001, around 2 years after the first
evidence of mediastinal lymphadenopathy. Serum IgA for EBV
VCA was positive at a 1:160 dilution. An updated CT scan of
the thorax showed that the chest mass arose from lytic rib
metastasis of the right third rib and sternum. The overall stage
was IV (T2N2M1). Only palliative radiotherapy was offered for
her symptom control. She has recently completed her prescribed
radiotherapy and is currently being followed-up for disease
progression.
Patient 3. The third patient is a 43-year-old female nonsmoker who presented with right middle lobe collapse in May
2000. Endobronchial biopsy showed EBER-positive LELC. Her
serum EBV VCA IgA titer was positive at a 1:40 dilution. A CT
scan of the thorax confirmed the presence of a 6-cm mass at the
right middle lobe, along with multiple right hilar and mediastinal lymphadenopathy. In addition, left axillary lymphadenopathy and destruction of the anterior part of the left fifth rib were
noticed, indicating the presence of disseminated disease. The
metastatic status of the tumor was further confirmed by a later
isotope bone scan that indicated widespread skeletal metastases
in both the axial skeleton and the rib cage. The bronchial tumor
was thus staged as T2N2M1, stage IV. Chemotherapy consisting
of PF was started in June 2000 and then repeated approximately
every 3 weeks for a total of six cycles. The patient did experience gradual wearing off of her cough and rib pain after chemotherapy, paralleled by radiological regression of the right middle lobe mass to a 2-cm residual mass, confirmed by CT scan in
November 2000 to be a PR. There was rebound of the right lung
mass about 6 months after her last chemotherapy, but further
palliative chemotherapy or radiotherapy was withheld until August 2001, when the patient experienced more coughing. She
then received salvage chemotherapy consisting of a weekly
single injection of cyclophosphamide. Some regression of the
lung mass and remission of cough were observed after six
cycles. Currently she is still coming back for additional cycles of
cyclophosphamide.
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Patient 4. The fourth patient was a 49-year-old housewife who never smoked. She presented in July 2000 with stage
IIIA (T2N3M0) disease. Bronchial biopsy yielded an undifferentiated carcinoma of LELC morphology that stained positive
for EBER. Serum IgA titer for EBV VCA was also raised to
1:20. She was offered concurrent chemo-radiotherapy, but she
refused the planned treatment and did not come back for further
evaluation before she died in January 2001, 6 months after the
diagnosis.
Patient 5. The fifth patient, who is the most recent patient, is a 53-year-old female nonsmoker. She was first seen in
October 2001 for stage IIIB (T2N2M0) disease. Mediastinal
lymph node biopsy yielded a carcinoma of LELC histology that
stained positive for EBER. Her IgA titer for VCA EBV was
1:40. She is currently waiting for chemotherapy for her inoperable disease.
Patients 6 –11. Patient 6 had metastatic disease at presentation, but she refused both chemotherapy and radiotherapy.
Despite subsequent palliative chemotherapy, the patient died of
progressive disease 24 months after diagnosis. Patients 7–10 all
had less advanced disease and were treated initially by surgery
with or without postoperative radiotherapy. Two years after the
primary surgery performed elsewhere, patient 7 had local relapse and was first seen at Queen Elizabeth Hospital for symptomatic treatment of his very slowly progressing recurrence, to
which he succumbed 51 months later. Patients 8 –10 are still
alive without clinical evidence of disease at 33, 32, and 19
months, respectively. Radiotherapy was given to patient 11 for
her inoperable disease; she remained alive with uncertain disease status at 9 months.
Patient Serum Samples and DNA Extraction. After
prospective collection, serum samples were stored and processed as described below. The retrieved archival serum samples had also been processed similarly. Briefly, 8 ml of blood
were clotted at room temperature for 1 h and centrifuged at
1500 ⫻ g for 10 min. Sera were collected, aliquoted, and frozen
at ⫺70°C. One hundred l of DNA were extracted from 200 –
800 l of sera by a QIAamp Blood DNA Mini Extraction kit
(Qiagen, Hilden, Germany) using a protocol recommended by
the manufacturer.
Q-PCR Detection of EBV DNA in Patient Sera. Realtime Q-PCR amplification was carried out by TaqMan technology as modified from the method of Lo et al. (17) using a pair
of forward and reverse primers (with primer sequences of
CCCGGGTACAAGTCCCG and AAGACGGCAGAAAGCAGAGTCT, respectively) encoding EBER1 that are manufactured by MWG-Biotech AG (Ebersberg, Germany) and a
dual-labeled fluorescent probe (probe sequence, 6-carboxyfluorescein-TGGTGAGGACGGTGTCTGTGGTTGTC-6-carboxytetramethylrhodamine) synthesized by Biosearch Technologies, Inc.
(Novato, CA). Briefly, the PCR reaction was set up in a reaction
volume of 50 l containing 25 l of TaqMan PCR core master mix
reagent kit (4 mM MgCl2; 200 M each of dATP, dCTP, and dGTP;
400 M dUTP; 1.25 units of AmpliTaq Gold; and 0.5 unit of
AmpErase uracil N-glycosylase; Perkin-Elmer Corp.), 1.5 l
of each of the primers at 600 nM, 0.125 l of probe at 25 nM, 5 l
of DNA extracted from sera, and 16.9 l of milliQ filtration
unit-purified water. Q-PCR was performed in each sample in
triplicate in an ABI Prism 5700 Sequence Detector (PE Biosys-

tems, Foster City, CA) by initiating the cycling with a 2-min
incubation at 50°C for the uracil N-glycosylase to act to prevent
carryover, followed by an enzyme preactivation step at 95°C for 10
min and 45 cycles of 95°C for 15 s and 60°C for 1 min. A
calibration curve was run in parallel in triplicate using DNA extracted from an EBV-positive cell line, Namalwa (American Type
Culture Collection CRL-1432), as standard. It was previously
shown that Namalwa contains 2 integrated viral genomes/cell (21).
A conversion factor of 7.4 pg DNA/cell was used for EBV copy
number calculation (22), which was obtained by measuring the
quantity of DNA extracted from a known number of cells in our
laboratory. Concentrations of circulating cell-free EBV DNA were
expressed as copies of EBV genome/ml serum.

Results
Overall Results of EBER-1 Levels. The EBER-1 levels
and clinical features of all patients are summarized in Table 2
for easy reference. No EBV DNA was detected in the sera of
any of the 57 normal controls recruited previously for another
study, whereas it was detectable in 7 of 7 (100%) patients with
LELC of the lung (patients 1–7) who had clinically measurable
disease. The median level of EBER-1 was 9,613 copies/ml, with
a range of 0 – 662,945 copies/ml. On the other hand, no EBV
DNA was detected in 3 of the other 4 patients with no clinical
evidence of disease at the first visit and/or the most recent
follow-up visit (patients 8, 9, and 11). One patient (patient 10)
had a low detectable level of EBER-1 (330 copies/ml) at his last
visit, when there was no evidence of clinical disease (Table 2).
The longitudinal EBER-1 profile of the first three prospective
patients with serial serum samples correlating with treatment
outcome and clinical course is briefly outlined below and further
summarized in Figs. 1–3.
Patient 1 Profile. Serum for EBV DNA was available
from the time before the first-line chemotherapy to just before
the second cycle of the second-line chemotherapy (Fig. 1). Her
initial EBER-1 reading before chemotherapy (662,945 copies/
ml) was the highest of all of the patients. There was a noticeable
decline of EBER-1 level after the first cycle of PF chemotherapy, although this was not sustained for the next two cycles,
which instead witnessed clinical rebound of disease correlating
with the serological profile. The serum EBER-1 soared to more
than 4 times the prechemotherapy level just before the secondline chemotherapy of EP was introduced. The EP chemotherapy
did herald a clinical response to the PF-resistant tumor, paralleled by an even more dramatic drop of serum EBER-1 level of
almost 1 log in magnitude. The termination of EP chemotherapy
ushered in a rapid progressive downhill clinical course leading
to the ultimate demise of the patient, but concurrent serum
samples were unfortunately not available to serologically echo
the terminal clinical events.
Patient 2 Profile. Serum for EBER-1 measurement was
obtained before palliative radiotherapy and obtained again after
radiotherapy for assessment. There was a substantial fall of
EBER-1 by ⬎50% after radiotherapy, correlating with a resolution of the chest wall mass. Serum EBER-1 results and the
patient’s clinical events are plotted in Fig. 2.
Patient 3 Profile. Serum for EBER-1 was first taken
about 1 week before the third cycle of chemotherapy, when a
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Table 2
Stage of disease
at presentation

Clinical features, treatment outcome, and EBER-1 profile of the 11 patients

Serum IgA
VCA EBV

Initial serum
EBER-1
(copies/ml)

EBER of
tumor cells
by ISH

Primary therapy
response & final
outcome

EBER-1 level
after primary
therapy

Stable disease after
CT; died of
disease at 6
months
Stable disease after
RT; aalive with
disease at 3
months
Partial response
after CT; alive
with disease at
18 months
No treatment; died
of disease at 6
months
Pending CT

Initial fall, then
rebound; fall
again at 2nd
line CT
Fall

Patient 1

IIIB (T4N0M0)

1/5 negative

662,945
(pretreatment)

Positive

Patient 2

IV (T2N2M1)

1/160
positive

3,186
(pretreatment)

Positive

Patient 3

IV (T2N2M1)

1/40 positive

0 (before cycle 3
of primary CT)

Positive

Patient 4

IIIA (T2N2M0)

1/20 positive

Positive

Patient 5

IIIB (T2N3M0)

1/40 positive

Patient 6

IV (T2NxM1)

1/320
positive

28,011 (at first
visit
pretreatment)
712
(pretreatment)
27,827 (at first
visit)

Patient 7

II (T2N0M0)

1/10 positive

9,613 (at relapse)

Positive

Patient 8

II (T2N0M0)

0 (taken at 7
months after
lobectomy)

Positive

Patient 9

IIIA (T2N2M0)

0 (3 weeks after
pneumonectomy)

Positive

Patient 10

IIIA (T3N2M0)

1/10 positive
(taken at 7
months
after
operation)
⬍1/5
negative
(taken at 3
weeks
after
operation)
Not
available
(⬍1/5 at
19
months)

Not available

Positive

Patient 11

IIIB (T4N2M0)

Not available

Positive

a

Not
available
(1/160 at
9 months)

Positive
Positive

Rebound or
progression of
EBER-1 later
Not available

Too early
follow-up (just
completed RT)

Probable fall
(no baseline
reading)

Yes, highest
reading ⫽
570 copies/ml

Not applicable

Not available

Not applicable

Not applicable

No immediate
treatment; died
of disease at 24
months despite
later palliative
CT
Right middle
lobectomy
initially; no
therapy at
relapse at 24
months; died of
disease at 74
months
Left lower
lobectomy; alive
without disease
at 33 months

Not applicable

Not available

Not applicable

Not available

Not available

No (reading ⫽ 0
at 33 months)

Right
pneumonectomy
& postoperative
RT; alive
without disease
at 32 months
Right upper
lobectomy &
postoperative
RT; alive
without disease
at 19 months
Radical RT; alive
with uncertain
disease at 9
months

Not available

Uncertain (low
reading of 330
copies/ml at
32 months)

Not available

No (reading ⫽ 0
at 19 months)

Not available

No (reading ⫽ 0
at 9 months)

RT, radiotherapy.

clinical PR had been documented, and was then taken at regular
intervals during the subsequent chemotherapy cycles (Fig. 3).
The first four low readings of EBER-1 corresponded in temporal
sequence with the clinical and radiological documentation of a
significant PR after six cycles of PF chemotherapy. A gradual
subdued surge of EBER-1 was observed during the 6 –7-month
period after PF chemotherapy, when there was neither clinical
nor symptomatic progression of disease. The later rise up to 570

copies/ml, although modest in scale, again correlated with radiological regrowth of the lung tumor and intensification of the
chest symptom. Second-line chemotherapy with cyclophosphamide introduced in recent months again led to a noticeable fall
of EBER-1 level concurrent with evidence of tumor regression
and symptom remission.
Profiles of Patients 4, 5, 6, and 7. Four other patients
(patients 4 –7) in whom longitudinal serum samples were not
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Fig. 1 Serum EBER-1 profile
correlating with treatment outcome and clinical course in patient 1. Bx, biopsy.

Fig. 2 Serum EBER-1 profile
correlating with treatment outcome and clinical course in patient 2. Bx, biopsy; RT, radiotherapy.

available also had detectable EBER-1 at first visit (Table 2). We
planned to longitudinally monitor the sera of patients 4 and 5
(prospective patients). This was not feasible in patient 4 because
she was lost to follow-up after the first visit. Patient 5 is
currently waiting for chemotherapy, and further appropriate
serum samples to monitor disease progression are not yet available. A single-point archival serum sample at first visit only was
available for patients 6 and 7, in whom there was clinically
measurable active disease at first presentation and relapse, respectively. Both serum samples demonstrated detectable
EBER-1.
EBV VCA IgA Levels. Serum IgA for EBV VCA was
raised in six of the seven patients with detectable EBER-1 in
serum and clinical disease, although the patient with the highest
EBER-1 level had negative IgA (patient 1, IgA titer of 1:5). Of

the four patients with negative EBER-1 and clinical disease,
concomitant IgA was elevated in two patients (patients 8 and 11,
IgA titer of 1:10 and 1:160, respectively).

Discussion
LELC of the lung occurring in Asian patients almost invariably harbors EBV. The demonstration of clonal episomal
EBV in the tumor tissue lends further support to the postulation
that EBV infection precedes the clonal expansion of the tumor
(23). The evidence of such an intimate relationship between
LELC and EBV further incriminates EBV as a major player in
tumorigenesis.
Thus far, ⬍90 cases of LELC of the lung have been
reported in the English literature; the great majority of cases are
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Fig. 3 Serum EBER-1 profile
correlating with treatment outcome and clinical course in patient 3. Bx, biopsy; CTX, cyclophosphamide.

found in Asian patients, particularly those residing in southern
China, Hong Kong, and Taiwan (24). The incidence of LELC
ranges from 0.15–3.6% of all lung cancers among the different
reports (5, 7, 25). The patients, in general, are characterized by
a male-predominant sex ratio and a conspicuous absence of
smoking history (24). However, 8 of the 11 (73%) patients in
this report are female, and 7 of these 8 patients are nonsmokers;
all 3 male patients had a history of smoking. LELC of the lung
often confers a better prognosis than the other types of nonsmall cell lung cancer in reports comprising patients with
mainly early-stage disease (5, 6, 8). More than half of the
patients in the current report have inoperable, advanced-stage
disease (three patients have distant metastasis), a profile not
different from that of Chan et al. (26), possibly reflecting a
difference in referral pattern to oncologists as opposed to thoracic surgeons. LELC is a tumor that is very often sensitive to
both chemotherapy and radiotherapy, with prolonged survival
achievable by multimodality treatment even in advanced stages
not amenable to curative surgery (26). Han et al. (24) suggested
improved overall survival of lung LELC for stages II-IV when
compared with a group of other histological types of lung
cancer. Clearly, chemotherapy and/or radiotherapy are essential
tools in managing the advanced or inoperable cases comprising
up to 30 – 40% of all patients in some reports (24). In addition to
conventional radiology, sensitive surrogate markers to monitor
response to these toxic therapies are certainly helpful in guiding
decisions on whether to continue or switch therapy.
Serum from patients provides a logical, convenient vehicle
to test for relevant tumor marker (27). Apart from tissue documentation of EBV association, serum immunoglobulins for
EBV antigens have been tested in 15 lung LELC patients among
different reports in the English literature (6, 26, 28 –30). Nine of
the 15 patients (60%) were positive for IgA against EBV VCA.
The majority of these positive patients came from a recent report
by Chan et al. (26), which was comprised predominantly of
patients with advanced-stage disease, among whom a positive
test result was found in six out of seven patients. In a series of
30 EBER-positive lung LELCs reported by Han et al. (8), VCA

was shown to be present in the tumor tissue (not serum) in 23%
of the patients. It was suggested that some of the LELC tumor
cells latently infected by EBV may be triggered into the lytic
cycle, hence exhibiting lytic cycle antigen of VCA (8). This may
explain, to a certain extent, the variable detection rate of IgA
against EBV VCA in the serum among individual patients, apart
from other reasons such as the intrinsic sensitivity of the test and
heterogenous tumor load. Moreover, the frequent failure of IgA
for EBV VCA to return to an undetectable level in patients
cured of NPC during postradiotherapy follow-up poses another
problem in its routine use after primary therapy (31).
In the current report, six of the seven patients with advanced disease demonstrated an elevated serum IgA titer to
VCA of EBV at or shortly after the diagnosis of LELC of the
lung. Paradoxically, the patient with the highest pretreatment
detectable level of EBER-1 (patient 1) had a negative IgA titer.
There is an apparent lack of correlation of IgA titers and serum
EBV DNA levels (Table 2). In contrast, two of four patients
with clinical eradication of disease and normalization of serum
EBER-1 (patients 8 and 11) had persistent elevated IgA titer,
undermining the use of IgA in monitoring these patients.
With the advance in molecular technology, tumor-related
DNA reflecting oncogene alterations has been detected in the
serum or plasma of a number of cancers such as colorectal
cancer (32), esophageal cancer (33), head and neck cancer (34),
and non-small cell lung cancer (35). Cell-free serum or plasma
tumor-related viral DNA from human papillomavirus has also
been quantified in head and neck cancer (36) and cervical cancer
(37). EBV DNA products released from NPC tumor cells into
the circulation due to apoptosis or necrosis of tumor cells (38)
were directly detectable even before therapy by sensitive tests
such as Q-PCR (16, 17). A possible role of the free circulating
EBV DNA in NPC in prognostication, prediction of recurrence,
and monitoring therapy response has been suggested (39 – 41). It
may also have a role in monitoring response in some lymphomas (42). Recently, EBV DNA has also been found in the serum
of patients with EBV-associated gastric cancer (18).
There are two potential applications of free circulating
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EBV DNA as a surrogate tumor marker in patients with LELC
of the lung; monitoring for therapy response is the first important application. This was well illustrated in the first three
prospective patients with longitudinal EBER-1 profile. For patient 1, the elevated persistent plateau of serum EBER-1 after
the first two cycles of PF chemotherapy suggested refractoriness
to PF, and second-line chemotherapy with EP could have been
introduced earlier, before serological (followed by clinical and
radiological) progression. Similarly, instead of later terminating
the EP chemotherapy altogether in patient 1 because of the renal
toxicity of platinum, carboplatin (a platinum analogue with less
renal toxicity) could have been used as substitute in view of the
dramatic fall of EBV DNA indicating a significant chemotherapy response after two cycles. Apart from documenting significant response to chemotherapy, response after primary radiotherapy measured in radiological and clinical dimensions was
also illustrated by the downward profile of EBER-1 in patient 2.
The validity of patient 3’s EBER-1 profile in tracking the
chemotherapy response demands a bit more explanation. The
persistently low EBER-1 level during the six cycles of PF in
patient 3 could indicate a chemotherapy-responsive tumor, although the initial prechemotherapy level was not available.
Because a clinical PR had been observed about 1 week before
the first serum reading (about 7 weeks after the first cycle of
PF), the first few low EBER-1 readings could be explained by
a significantly reduced tumor volume after a few cycles of PF
chemotherapy. Lo et al. (43) suggested a 3.8-day half-life for
EBV DNA clearance in plasma in NPC patients after radiotherapy, a time variable contributed mainly by tumor cell kill. There
was, in theory, a period spanning as many as 10 half-lives for
the clearance of DNA from the regressing chemotherapy-sensitive tumor before the first serum reading was obtained in patient
3. This rough estimation, however, should not be overemphasized when the validity of extrapolating the half-life across
different patient groups remained questionable, because there
could be a significant difference in the rate of tumor cell kill
between radiotherapy in NPC and chemotherapy in LELC. The
comparatively low EBER-1 level at the conclusion of the PF
chemotherapy nevertheless correspondingly attested to the remarkable radiological PR achieved. On subsequent salvage cyclophosphamide chemotherapy, the EBER-1 level again declined in symphony with the radiological response.
In using serum EBV DNA to monitor therapy, its clearance
half-life should be reasonably understood. As suggested by Lo
et al. (18), the half-life (influenced by both tumor cell kill and
physical clearance) can definitely be shorter if the tumor is
surgically removed (as in stomach cancer) rather than eradicated
by radiotherapy (as in NPC). Although no preoperative serum
sample was available as baseline, the zero reading in the serum
of patients 8 and 9 at 7 months and 3 weeks, respectively, after
curative surgery could have allowed sufficient time for the once
detectable EBV DNA to be cleared from the serum (Table 2).
The second application of serum EBV DNA lies in monitoring for disease progression or relapse after initial therapy.
This may be particularly useful to catch early relapses with a
lower tumor burden for chemotherapy-sensitive tumors that
initially responded. The gradual, slow rise of EBER-1 in patient
3 after a PR from the PF chemotherapy correlated precisely with
the absence of clinical and symptomatic progression of the

residual tumor and proclaimed a durable clinical chemotherapy
response in the ensuing 6 – 8 months. Further down the clinical
course, the subsequent EBER-1 climb again correlated with the
intensification of symptoms and evidence of radiological progression just before the second-line chemotherapy was instituted. Unfortunately, serum samples were not available from the
other two prospective patients within the final few months of
tumor progression before their cancer-related death (patients 1
and 4) to provide further evidence to support the correlation of
EBER-1 with the clinical course of the diseases.
Patient 2 has just completed radiotherapy, and patient 5 is
still waiting for chemotherapy; for both these patients, it is too
early for EBER-1 correlation with any further event in their
clinical course. On the other hand, the significantly raised level
of EBER-1 seen in the initial serum of patient 7 when he was
first seen at the institution for local relapse may indicate a
possible lead-time preceding the clinical manifestation of relapse and thus opens up avenues for earlier intervention that
may prove curative. Despite the absence of clinically measurable disease, the low detectable level of EBER-1 in patient 9 at
his last follow-up visit at 32 months also raised the concern of
an early relapse, and he is currently under close surveillance.
Due to the small number of patients and the predominantly
advanced stages in this report, reasonable prognostication and
stage correlation with the pretreatment EBER-1 levels cannot be
established. Seemingly, there exists substantial variation in the
initial EBER-1 quantities, even among the seven patients reported here who already had advanced primary or recurrent
diseases. It is intriguing to note the paradoxical phenomenon
that the serum EBV DNA level in the two metastatic patients
(patients 2 and 6) was lower than that in the two nonmetastatic
patients (patients 1 and 4) at their first presentation. In general,
the absolute amount of EBV DNA detected in terms of median
number of copies/ml in LELC of the lung (around 10,000
copies/ml) is somewhat lower than that detected in NPC patients
(20,000 –30,000 copies/ml; Refs. 33 and 34) but higher than
gastric cancer (around 1,000 copies/ml; Ref. 18) and lymphoid
malignancy (around 2,000 copies/ml; Ref. 42). More patients
are needed to study the prognostic significance of serum
EBER-1 levels with respect to tumor burden and survival.
Capitalizing on the close relationship between EBV and
LELC, detectable levels of circulating EBV DNA were found
for the first time in the serum of all seven patients with advanced
or metastatic EBV-associated LELC of the lung, using EBER-1
assay by real-time Q-PCR. It has been shown in the three
patients with serial longitudinal monitoring that the serum
EBER-1 profile can be used to monitor the chemotherapy or
radiotherapy response. Serum EBER-1 may also help in the
surveillance of subsequent disease progression, as exemplified
in the patient with longer follow-up after initial therapy (patient
3). More patients with different stages of LELC are required for
precise stage correlation and prognostication using this novel
serum surrogate tumor marker. Assaying the sera of patients
with other histological types of lung cancer with known tumor
EBER status by ISH and of otherwise healthy chronic smokers
will further help to define the sensitivity, specificity, and the
scope of application of this potential tumor marker.
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