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BSTRACT

 

Background

 

Bronchioloalveolar carcinoma is a
distinctive subtype of typical adenocarcinoma of the
lung that tends to metastasize widely throughout the
lungs but less commonly elsewhere. Because con-
ventional therapies for intrapulmonary metastatic
bronchioloalveolar carcinoma are generally ineffec-
tive, we treated seven patients who had intrapulmo-
nary metastatic bronchioloalveolar carcinoma with
lung transplantation.

 

Methods

 

Seven patients with biopsy-proved bron-
chioloalveolar carcinoma and no evidence of extra-
pulmonary disease received transplants of either
one or two cadaveric lungs. At transplantation, all
native lung tissue was removed and replaced with a
donor lung or lungs. The patients received the usual
post-transplantation care given at the institution.

 

Results

 

Four of the seven patients had recurrent
bronchioloalveolar carcinoma within the donor lungs;
the recurrences appeared from 10 to 48 months after
transplantation. All recurrences were limited to the do-
nor lungs. Histologic and molecular analyses showed
that the recurrent tumors in three patients originated
from the recipients of the transplants.

 

Conclusions

 

Lung transplantation for bronchioloal-
veolar carcinoma is technically feasible, but recur-
rence of the original tumor within the donor lungs
up to four years after transplantation was common.
(N Engl J Med 1999;340:1071-4.)
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RONCHIOLOALVEOLAR carcinoma is a
variant of the adenocarcinoma form of lung
cancer (commonly referred to as typical ade-
nocarcinoma). The main pathological find-

ings in this variant are cells with features of a well-
differentiated adenocarcinoma, which line alveolar
walls, and the preservation of interstitial structures.
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Bronchioloalveolar carcinoma has been diagnosed
with increasing frequency over the past few decades

 

2,3

 

and now accounts for 3 to 4 percent of cases of
non–small-cell lung cancer.

 

4,5

 

 According to estimates
of the incidence of lung cancer,
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 5000 to 7000 new
cases of bronchioloalveolar carcinoma will be diag-
nosed in the United States this year.

There is limited but convincing evidence that
bronchioloalveolar carcinoma is distinct from typical
adenocarcinoma of the lung. A National Cancer In-
stitute survey of 2382 patients with bronchioloalve-
olar carcinoma found a substantially higher five-year
survival rate among patients with all stages of the

B

 

variant than among patients with typical adenocar-
cinoma.
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 The distribution of metastases in the two
neoplasms also differs. As compared with typical
adenocarcinoma, bronchioloalveolar carcinoma has
a higher incidence of metastasis within the lung
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 and
a lower incidence of brain metastasis.
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We studied the outcome of treatment of seven pa-
tients with stage IV bronchioloalveolar carcinoma
who underwent lung transplantation.

 

METHODS

 

Study Design

 

This study was approved by the institutional review board of
the University of Alabama at Birmingham. Candidates for the pro-
cedure were required to have biopsy-proved bronchioloalveolar car-
cinoma and no evidence of extrapulmonary disease. At surgery,
one or both of the patient’s lungs were removed and replaced by
one or both lungs from a cadaveric donor by conventional methods
of lung transplantation.

 

9

 

 Post-transplantation care was identical to
that of other patients undergoing lung transplantation at the in-
stitution. Recurrences were detected radiographically, with histo-
logic confirmation in large surgical biopsy specimens, although one
case (in Patient 7) was detected incidentally during a transbron-
chial biopsy performed for routine surveillance.

 

Genetic Analysis of Original and Recurrent 
Bronchioloalveolar Carcinoma

 

To determine the origin of the recurrences, amplification of
polymorphic dinucleotide repeats of the genome (“microsatellite”
DNA) from the original and recurrent tumors was performed in
three of the patients (Fig. 1). Tissue from the tumors was obtained
from rehydrated tissue sections; regions of the sections that con-
tained only tumor were identified and specifically excised. The tis-
sue was incubated in 50 mM TRIS–hydrochloric acid (pH, 8.3),
1 mM ethylenediaminetetraacetic acid, 0.5 percent polyoxyethyl-
enesorbitan monolaurate, and 500 µg of proteinase K per millili-
ter; the nucleic acid fraction was extracted by standard techniques.
Microsatellite primer set D1S1728 (Research Genetics, Huntsville,
Ala.) was mixed with the DNA-containing template from the
slides in a mixture that contained 

 

Taq

 

 polymerase-chain-reaction
buffer, 2 mM magnesium chloride, 1 mM deoxyadenosine tri-
phosphate, 1 mM deoxyguanosine triphosphate 1 mM deoxythy-
midine triphosphate, 0.5 mM deoxycytosine triphosphate, and
0.5 µl of [

 

a

 

-

 

33

 

P]deoxycytosine triphosphate (1000 to 3000 Ci per
millimole; Dupont/NEN, Wilmington, Del.) in a total volume of
25 µl. The amplified fragments were size-fractionated by electro-
phoresis on a 4 percent Sequel gel (American Bioanalytical, Natick,
Mass.) and then autoradiographed.
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RESULTS

 

Seven patients with bronchioloalveolar carcinoma
received transplants of one or two cadaveric lungs
(Table 1). Four patients had undergone surgical re-
section of the original tumor with intention to cure,
but in all four patients, recurrences appeared 4 to 17
months later. The remaining three patients had stage
IV disease at the time of presentation and were not
candidates for conventional surgical resection. Four

of the recipients of transplants were free of disease
for more than 38 months. At this writing, two of
these patients (Patients 2 and 4) are alive 62 and 50
months, respectively, after transplantation and have
no evidence of recurrence. 

Of the four patients with a recurrence, Patient 7 had
a microscopic focus in a transbronchial-biopsy spec-
imen; the recurrence has not yet been confirmed by
a more extensive surgical biopsy. Recurrences in Pa-

 

Figure 1.

 

 Genetic Characterization of Original and Recurrent Bronchioloalveolar Carcinoma.
An autoradiograph shows size-fractionated DNA fragments generated from the amplification of a microsatellite region of the ge-
nome. The source of the DNA template is shown above each lane. Lymphocyte DNA from each lung donor is paired with DNA from
the original and recurrent tumors for each patient.
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*The age (in years) at the time of the original diagnosis is shown.

†M¡ denotes mucin-negative, and M+ mucin-positive.

‡Patients who did not receive conventional therapy had bilateral lung involvement at the time of the original diagnosis.

§The number of lungs transplanted was based on the number of donor lungs available.

 

T

 

ABLE

 

 1.

 

 C

 

OURSES

 

 

 

OF

 

 P

 

ATIENTS

 

 

 

WITH

 

 B

 

RONCHIOLOALVEOLAR

 

 C

 

ARCINOMA

 

 

 

BEFORE

 

 

 

AND

 

 

 

AFTER

 

 L

 

UNG

 

 T

 

RANSPLANTATION

 

.

 

P

 

ATIENT

 

N

 

O

 

. A

 

GE

 

/S

 

EX

 

*
H

 

ISTOLOGIC

 

†
F

 

INDINGS

 

R

 

ISK

 

 F

 

ACTORS

 

T

 

YPE

 

 

 

OF

 

 
C

 

ONVENTIONAL

 

 T

 

HERAPY

 

(

 

DATE

 

)‡

R

 

ECURRENCE

 

 

 

AFTER

 

C

 

ONVENTIONAL

 

T

 

HERAPY

 

(

 

DATE

 

)

T

 

YPE

 

 

 

OF

 

 L

 

UNG

 

T

 

RANSPLANT

 

(

 

DATE

 

)§

M

 

ONTHS

 

 

 

WITH

 

 N

 

O

 

E

 

VIDENCE

 

 

 

OF

 

D

 

ISEASE

 

 

 

AFTER

 

T

 

RANSPLANTATION

 

R

 

ECURRENCE

AFTER

 

T

 

RANSPLANTATION

 

(

 

DATE

 

)

 

1 40/F M¡ None Lobectomy (5/93) Yes (9/93) Double (12/93) 39 Yes (3/97)

2 33/F M¡ None Pneumonectomy (9/92) Yes (8/93) Single (2/94) 56 No

3 47/M M+ None Double lobectomy (8/90) Yes (1/92) Double (4/94) 48 Yes (5/98)

4 52/M M¡ Smoked cigarettes 
(36 pack-years)

None — Double (2/95) 43 No

5 48/F M+ None Pneumonectomy (11/94);
external-beam radiation 

(50 Gy, 2/95)

Yes (4/95) Single (8/95) 10 Yes (6/96)

6 40/F M¡ None None — Double (12/96) 23 No

7 57/F M¡ None None — Double (11/97) 10 Yes (9/98)
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tients 1 and 3 were treated by resection of the in-
volved lung tissue; both patients have no evidence of
recurrent disease 18 and 4 months later, respectively.
The recurrence in Patient 5 was treated by resection
of the entire transplanted lung followed by a second
lung transplantation. This patient died nine months
later from multiple pulmonary complications, includ-
ing recurrent bronchioloalveolar carcinoma within the
engrafted lung. An autopsy of Patient 5 confirmed
the presence of extensive bronchioloalveolar carcino-
ma within the transplanted lung, but microscopical
analyses of the brain, liver, adrenals, kidneys, pancreas,
spleen, bone marrow, breast, thyroid, heart, and a
periaortic lymph node were negative for tumors.

A histologic analysis of the recurrent tumors with-
in the transplanted lungs showed that these tumors
were similar to the original tumors in the first three
patients to have recurrence. Patients 3 and 5 had mu-
cin-positive bronchioloalveolar carcinoma, and the
recurrent tumors that appeared in them were also
mucin-positive. In Patient 1, both the original tumor
and the recurrent tumor were mucin-negative.

To study the original and recurrent tumors from
Patients 1, 3, and 5, we used the polymerase chain
reaction to amplify highly polymorphic dinucleotide
repeats (microsatellite DNA).
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 In all three patients,
the microsatellite fragments found in DNA from the
donor lung were clearly different from those in
DNA from the original tumor. By contrast, in Pa-
tients 1 and 3, the fragments amplified in the recur-
rent tumors were almost identical to those in the
original tumors. Although some differences between
the original and recurrent tumors in Patient 5 were
discernible, the recurrent tumor was clearly more
similar to the original tumor than to the donor lung.
These results support the notion that the recurrent
bronchioloalveolar carcinoma found in the donor
lungs originated in the recipients.

 

DISCUSSION

 

For four of seven patients, lung transplantation for
stage IV bronchioloalveolar carcinoma limited to the
lungs was followed by a lengthy period of disease-
free survival. Two of the seven patients are alive with
no evidence of disease 62 and 50 months after trans-
plantation. The survival rate for patients with stage
IV bronchioloalveolar carcinoma rarely exceeds five
years.

 

4,8

 

 In four of the seven patients, there were re-
currences in the donor lungs at various times after
transplantation. Histologic and molecular analyses
of these recurrent tumors in three patients strongly
suggested that the recurrences arose from the origi-
nal bronchioloalveolar carcinoma in the native lungs
of the patients.

In all four of these cases, the recurrences were limi-
ted to the donor lungs. In the case of Patient 5, who
died of pulmonary complications of the recurrent tu-
mor, an autopsy revealed extensive intrapulmonary

bronchioloalveolar carcinoma without any microscop-
ical evidence of extrapulmonary bronchioloalveolar
carcinoma.

The site from which the recurrent bronchioloalve-
olar carcinoma arose within the donor lungs is un-
clear. Because the trachea and proximal mainstem
bronchi were preserved in all of these patients as a
requirement for transplantation of the donor lungs,
it is possible that some bronchioloalveolar-carcino-
ma cells were present in these structures and were
“washed” back into the transplanted lungs. If this
was the case, the bronchioloalveolar-carcinoma cells
must have remained dormant within the transplant-
ed lungs for several years in Patients 1 and 3 before
developing into clinically detectable disease. It is also
possible that before transplantation, bronchioloalve-
olar-carcinoma cells disseminated to extrapulmonary
sites, where they remained dormant, and later migrat-
ed back to the lung transplants. In support of this
possibility, several groups have presented evidence
that there are neoplastic cells in the blood or bone
marrow of patients with non–small-cell lung cancer,
even in early stages of the disease.

 

11-16

 

Because all the recurrences appear to have origi-
nated from microscopic disease extant at the time of
transplantation, it is interesting that suppression of
the cell-mediated immunity required for allograft
survival did not clearly enhance the spread or growth
of extrapulmonary foci of bronchioloalveolar carci-
noma. Further examination of the tumor genotypes,
particularly in the context of genes commonly mu-
tated in lung cancers, may help define differences
that are associated with the variable clinical course
of these patients after transplantation.
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