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Background. Negative margins are associated with a reduced risk of ipsilateral breast tumor recurrence (IBTR) in women with early
stage breast cancer treated with breast conserving surgery (BCS). Not infrequently, atypical ductal hyperplasia (ADH) is reported
as involving the margin of a BCS specimen, and there is no consensus among surgeons or pathologists on how to approach this
diagnosis resulting in varied reexcision practices among breast surgeons. The purpose of this paper is to establish a reasonable
approach to guide the treatment of ADH involving the margin after BCS for early stage breast cancer. Methods. the published
literature was reviewed using the PubMed site from the US National Library of Medicine. Conclusions. ADH at the margin of
a BCS specimen performed for early stage breast cancer is a controversial pathological diagnosis subject to large interobserver
variability. There is not enough data evaluating this diagnosis to change current practice patterns; however, it is reasonable to
consider reexcision for ADH involving a surgical margin, especially if it coexists with low grade DCIS. Further studies with longer
followup and closer attention to ADH at the margin are needed to formulate treatment guidelines.

1. Introduction
Breast conserving surgery (BCS) is a widely accepted treatment option for early-stage breast cancer based on several
prospective, randomized trials that demonstrate equivalent
survival after BCS compared to that after mastectomy [1–
7]. The recent 20-year followup of the NSABP B-06 trial
recognizes an increased risk of ipsilateral breast tumor
recurrence (IBTR) after BCS; however, this risk is decreased
with the addition of whole breast irradiation and obtaining
negative margins [1]. While the validation of BCS requires
that a negative margin be obtained, there is still no consensus
definition of what constitutes an adequate negative margin
width resulting in marked variation in BCS reexcision
practices among surgeons [8–10]. While all agree it is
not appropriate to have tumor cells involving the inked

margin, there is no compelling or consistent evidence to
indicate how widely free a margin should be [11–15].
Accordingly, margin width alone may not be suﬃcient to
prove adequacy of excision and qualitative and quantitative
pathologic characteristics of the cells within the margins
may be important to consider [16]. One of those factors
is proliferative lesions and in particular atypical ductal
hyperplasia (ADH) at the margin of BCS specimens [17].
Interestingly, despite the high volume of studies investigating
the question of adequate margin width, there is a paucity
of studies that address the pathological characteristics of the
cells within the margin. Not surprisingly, in the setting of no
evidence-based guidelines, neither pathologists nor surgeons
know what to do with the diagnosis of ADH involving a
margin of a BCS specimen performed for early-stage breast
cancer [18–20]. The purpose of this paper is to address
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the significance of a diagnosis of ADH at the margin and
evaluate if there is evidence to guide the surgical decision for
reexcision.

2. Methods
We searched the PubMed database for studies evaluating atypical ductal hyperplasia published in English with
no date range qualification. We searched Medical Subject Headings (MESH), titles, and abstracts for the terms
atypical ductal hyperplasia (ADH), breast conserving therapy (BCS), ADH at margin, proliferative lesion of the
breast, ipsilateral breast tumor recurrence (IBTR). All
major studies evaluating margin status and IBTR after BCS
were evaluated for purposeful attention to ADH at the
margin.

3. Results
3.1. Atypical Ductal Hyperplasia: A Histopathologic Prospective. Atypical ductal hyperplasia (ADH) is an atypical proliferative lesion that falls in between the continuum from
normal hyperplasia to low grade ductal carcinoma in situ
(LG-DCIS). There is currently no general agreement on
quantitative versus morphologic criteria to separate ADH
from DCIS. However, some define ADH as the cells with
morphologic characteristics of LG-DCIS (i.e., a cribiform
or micropapillary proliferation of uniform cells with lowgrade nuclei) with partial involvement of the terminal
duct lobular unit (TDLU) or involvement in less than
2 separate duct spaces or less than 2 mm in aggregate
diameter [17, 24–26]. This is a purely quantitative and
not a biologic distinction [27, 28], and as such it can
be a subjective diagnosis in practice. A recent review
acknowledged diﬀerentiation between ADH and LG DCIS
is one of the most challenging areas in diagnostic pathology
[28]. Consequently, the diagnosis has proven vulnerable to
a large interobserver variability even between highly trained
breast pathologists in optimal conditions as demonstrated
in multiple studies [18, 21–23]. Table 1 demonstrates the
diﬀering rates of agreement between pathologists observed
in 3 well-known studies that investigated concordance rates
among pathologists interpreting proliferative lesions. Rosai
[21] and Jain et al. [23] found complete agreement amongst
pathologists deciphering ADH from DCIS only 0% and 32%
of the time, respectively. Schnitt et al. [22] found slightly
improved agreement after diagnostic criteria for proliferative
lesions was provided to the pathologists prior to slide
interpretation, but still only found all pathologists agreed
<60% of the time when diagnosing a lesion as DCIS versus
ADH. A recent study by Ghofrani et al. [18] is consistent
with this phenomenon. They sent a single diagram depicting
a partially involved duct adjacent to unequivocal DCIS to 230
pathologists known for their expertise in breast pathology
and asked them to interpret the diagrammatic representation. When looking at the exact same lesion, 56.5% of the
pathologists considered it ADH and 43.5% interpreted it as
DCIS.
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3.2. Significance of ADH. It is well established in the literature
and in practice that the diagnosis of ADH on core needle
biopsy (CNB) necessitates a subsequent excisional biopsy
[19]. This recommendation is based on the diﬃcult pathologic distinction between ADH and LG DCIS especially in
settings of small tissue samples, and also the fact that ADH
on CNB is associated with a high degree of upstaging to in
situ and invasive cancer on subsequent excisions at published
rates varying between 24 and 45% [29]. Historically, ADH
was considered only a risk factor of subsequent cancer
conferring a 4-5x increased risk of invasive carcinoma in
either breast [30]; however, recent studies have challenged
this and provided some genetic and molecular evidence that
ADH is a precursor to a low grade cancer [27, 31]. When
ADH is diagnosed in the setting of a known DCIS or invasive,
some pathologists report it as a distinct lesion from ADH
diagnosed independent of a neoplastic lesion. In a study by
Lennington et al. [32] that investigated patterns of DCIS, the
authors found that ADH associated with DCIS located at the
periphery of the lesion; thus, indicating that when ADH is at
the margin of a BCS specimen, it likely represents the most
peripheral extent of the neoplastic lesion. Goldstein agrees
with this concept when he describes a foci of ADH identified
near the margin of an excision specimen for DCIS or
invasive carcinoma represents partial involvement of lobules
by intraluminal neoplastic cells and is the farthest tentacular
extension of low-grade intraductal carcinoma [17].
3.3. ADH at the Margin of a BCS Specimen for Early Stage
Breast Cancer: Current Trends among Surgeons and Pathologists. Nizre et al. [19] conducted an important survey
capturing the current management of breast borderline
lesions. The survey was sent to members of the American
Society of Breast Surgeons (ASBS).Responses from 477
surgeons were received and analyzed. Importantly, 337 of
the respondents dedicated more than 50% of their practice
to breast surgery and 50% were from academic, cancer
center, or dedicated breast centers. When asked about how to
manage a diagnosis of ADH within 1 mm of a BCS specimen,
61% favored no further surgery while 30% recommended
selective reexcision. Interestingly, the amount of training
aﬀected response tendencies towards no further surgery.
For example, among surgeons practicing at a cancer center,
80% would recommend no further surgery, 20% would
recommend selective reexcision, and 0% recommended
routine reexcision when ADH involved the margin. This is
compared to private practice where 54% would recommend
no further surgery, 40% would selectively reexcise, and 5%
would routinely reexcise. This diﬀerence between groups was
found to be statistically significant and the same significant
trend favoring not to reexcise was seen amongst surgeons
participating in weekly tumor boards and those trained in
surgical oncology. Another questionnaire study involving
200 breast surgeons in the United Kingdom showed less
variation in surgeon practices with 91% of respondents
favoring no further surgery if there was ADH at the margin
of excision, but both invasive and in situ disease were 10 mm
clear of the margin [20].
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Table 1: Interobserver variability among pathologists in cases of borderline ductal proliferative lesions.
Investigator

no. of pathologists/no. of slides reviewed

Rosai [21]

6/24

Schnitt et al. [22]∗

5/10

Jain et al. [23]

9/81

∗ Standardized

Concordance rates (%)
5/5 agreed 0%
4/5 agreed 20%
3/5 agreed 50%
6/6 agreed 58%
5/6 agreed 71%
4/6 agreed 92%
9/9 agreed 32%
8/9 agreed 52%
7/9 agreed 63%

criteria and formal education diﬀerentiating proliferative lesions provided to pathologist prior to reviewing slides.

Table 2: Atypical ductal hyperplasia (ADH) and ipsilateral breast tumor recurrence (IBTR).
Investigator
Goldstein et al. [33]
Fowble et al. [34]
Greene et al. [35]

no. BCS
specimens
94
460
155∗

no. lumpectomy + for ADH
54
99†
87

IBTR ADH (+)
no. (%)
3/54 (5.6)
1/99 (1.0)
0/87 (0%)∗∗

IBTR in ADH (−)
no. (%)
0/36 (0)
17/329 (5.2)
1/68 (1.5)∗∗

Median Followup
(years)
6.5
4.8
2.2

 ADH

(+) at margin more recurrence than ADH (−) at margin P < 0.01.
lesions negative for both ADH and COL.
† ADH involved somewhere in specimen, not specifically involving margin.
∗ Lumpectomy performed for ADH, no malignancy in original specimen.
∗∗ denotes malignancy development and not recurrence as initial lumpectomy was negative for malignancy.
 Represents

There is a large practice variation amongst American
pathologists as well as demonstrated in the study conducted
by Ghofrani et al. [18], which was described earlier in
our paper. In addition to classifying the proliferative lesion
adjacent to DCIS as ADH or DCIS, the pathologists were also
asked what to do with the lesion if it involved the margin
of a BCS specimen. Regardless of whether the responders
diagnosed the lesion as ADH or DCIS, the final impact on
management was that 50.4% would recommend to reexcise
based on the lesion being present at the margin while 47%
would not reexcise. Of those that considered the lesion ADH,
37.7% recommended reexcision while only 28% of those who
considered the lesion DCIS recommended to reexcise.
3.4. Studies Evaluating ADH at the Margin of BCS Specimens.
There is a paucity of studies evaluating ADH at BCS
margins. Only two studies were found in the literature that
directly addressed the issue and they came to disagreeing
conclusions. One study reported compelling evidence for
reexcision if ADH involved the margin. It was a retrospective
review at a single institution (Mt Sinai Medical Center,
New York) that spanned 6 years (2000–2006) and sought to
determine the rate of residual disease when reexcision was
performed for ADH involving the margin of lumpectomies
performed for ADH or early stage breast cancer [36]. They
identified 44 lumpectomy specimens performed for ADH or
early stage breast cancer where ADH involved the margin (at
or within 1 mm). 27 of the 44 cases underwent reexcision

and of the 27 that underwent reexcision and 26% had either
DCIS or invasive disease. They included the diagnosis of the
original lumpectomy to evaluate the rates of residual disease
based on lumpectomy for ADH versus DCIS versus invasive
disease. There were 7 lumpectomies for DCIS reexcised
for ADH involving the margin and of those, 2 reexcision
specimens had residual ADH (28.6%) and 4 had residual
DCIS (57%). There were 2 lumpectomies for invasive disease
reexcised for ADH involving the margin and both specimens
had residual ADH, but no DCIS or invasive disease identified
on reexcision specimens. Despite the small study sample,
they concluded that ADH at the margin of a lumpectomy
specimen is associated with a high rate of residual ADH or
cancer, and they recommend reexcision in all patients with
ADH involving the margin.
A diﬀerent study by Goldstein et al. [33] investigated
whether ADH involving the margin of a BCS specimen
predicted IBTR. He retrospectively reviewed the slides of
94 patients treated with local excision followed by radiation
with particular attention to the presence of ADH at the
margins on the slides of final excision specimen. At a median
followup of 78 months, true recurrence (defined as recurring
in the same area as the original lumpectomy) developed
in 6 patients. DCIS and ADH within .2 cm of the margin
was associated with recurrence, but there was no association
with recurrence when ADH appeared alone. Importantly,
all 6 true recurrences occurred in cases where either ADH
alone, DCIS + ADH, or DCIS + cancerization of the lobules
(COL) was involving the margins of the initial specimen.
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One limitation in this study is the short followup time which
could be too short to detect recurrences in the specimens
with only ADH at the margin as the interval to development
of breast cancer in an ADH lesion is 8.2 years [31].
Greene et al. [35] performed an important study evaluating ADH at the margin of lumpectomies performed solely
for ADH (none of lumpectomies evaluated were positive for
malignancy). They identified 87 lumpectomies with margins
positive for ADH. Of those with positive margins, none went
on to develop a malignancy. A significant limitation of this
study is a short followup of 26 months, and none of the
lumpectomies with an initial diagnosis of malignancy were
included in the study.
Some clinicians have used a study performed by Fowble
et al. [34] to support no reexcision for ADH at the
margin [20]. The Fowble study evaluated the influence of
proliferative lesions in the background benign breast tissue
of BCS specimens performed for stage I and II breast
cancer. In their study, they retrospectively reviewed the
pathology slides of 460 BCS specimens and found that 99
out of 460 specimens contained background atypical ductal
hyperplasia. The authors did not demonstrate an increased
risk of IBTR with median followup 5.6 years in the specimens
with ADH compared to those specimens without ADH.
Unfortunately, this study did not specify where the ADH
was located in the specimen and did not identify which
specimens had ADH involving the margin. Rather, they just
confirmed the presence of ADH anywhere in the specimen,
and thus, it is not possible to make assumptions about
recurrence rates in those specimens where the ADH did
involve the margin. Although the study did not find IBTR
occurring at a significantly higher rate compared to the
non-ADH population, there were 3 IBTR observed in the
ADH population. It would be important to know if these
specimens contained ADH at the margin compared to the
cases where IBTR did not occur. Table 2 summarizes the
findings from the aforementioned studies.

4. Conclusion
In conclusion, there is not enough evidence to direct
reexcision when ADH is diagnosed at the margin of a BCS
specimen for early stage breast cancer. The work of our
paper did reveal that ADH at the margin of a BCS specimen
is a controversial pathological diagnosis subject to large
interobserver variability, and when this diagnosis is made
in the setting of a known cancer, it may actually represent
the peripheral extension of a neoplastic lesion. However,
if ADH represents low grade DCIS, recent data supports
that especially in ER positive tumors, when adjusting for
hormonal and radiation adjuvant treatment, the significance
associated with margin status and increased IBTR is less
clinically likely. Further studies with longer followup and
closer attention to ADH at the margin will be needed
to answer this question directly. In the meantime, it is
reasonable to consider reexcision of ADH at the surgical
margin especially in the face of low grade DCIS, but further
data is needed to provide more definitive recommendations.
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[5] R. Arriagada, M. G. Lê, F. Rochard, and G. Contesso,
“Conservative treatment versus mastectomy in early breast
cancer: patterns of failure with 15 years of follow-up data,”
Journal of Clinical Oncology, vol. 14, no. 5, pp. 1558–1564,
1996.
[6] U. Veronesi, N. Cascinelli, L. Mariani et al., “Twentyyear follow-up of a randomized study comparing breastconserving surgery with radical mastectomy for early breast
cancer,” The New England Journal of Medicine, vol. 347, no. 16,
pp. 1227–1232, 2002.
[7] A. Litiere, G. Werutsky, I. Fentiman, and E. Rutgers, “Breast
conserving therapy versus mastectomy for stage I-II breast
cancer: 20 year follow-up of the EORTC, 10801 phase 3
randomised trial,” The Lancet Oncology, vol. 13, no. 4, pp. 412–
419, 2012.
[8] A. Taghian, M. Mohiuddin, R. Jagsi, S. Goldberg, E. Ceilley,
and S. Powell, “Current perceptions regarding surgical margin
status after breast-conserving therapy: results of a survey,”
Annals of Surgery, vol. 241, no. 4, pp. 629–639, 2005.
[9] M. Azu, P. Abrahamse, S. J. Katz, R. Jagsi, and M. Morrow,
“What is an adequate margin for breast-conserving surgery?
Surgeon attitudes and correlates,” Annals of Surgical Oncology,
vol. 17, no. 2, pp. 558–563, 2010.
[10] S. L. Blair, K. Thompson, J. Rococco, V. Malcarne, P. D.
Beitsch, and D. W. Ollila, “Attaining negative margins in
breast-conservation operations: is there a consensus among
breast surgeons?” Journal of the American College of Surgeons,
vol. 209, no. 5, pp. 608–613, 2009.
[11] S. E. Singletary, “Surgical margins in patients with earlystage breast cancer treated with breast conservation therapy,”
American Journal of Surgery, vol. 184, no. 5, pp. 383–393, 2002.
[12] M. F. Dillon, A. D. K. Hill, C. M. Quinn, E. W. McDermott,
and N. O’Higgins, “A pathologic assessment of adequate
margin status in breast-conserving therapy,” Annals of Surgical
Oncology, vol. 13, no. 3, pp. 333–339, 2006.
[13] A. Luini, J. Rososchansky, G. Gatti et al., “The surgical margin
status after breast-conserving surgery: discussion of an open

International Journal of Surgical Oncology

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

issue,” Breast Cancer Research and Treatment, vol. 113, no. 2,
pp. 397–402, 2009.
M. Morrow, J. Harris, and S. Schnitt, “Surgical margins in
lumpectomy for breast cancer—bigger is not better,” The New
England Journal of Medicine, vol. 367, no. 1, pp. 79–82, 2012.
A. Demirci, G. Broadwater, M. Lawrence et al., “Breast
conservation therapy: the influence of molecular subtype and
margins,” International Journal of Radiation Oncology, vol. 83,
no. 3, pp. 814–820, 2012.
F. A. Vicini, N. S. Goldstein, H. Pass, and L. L. Kestin, “Use of
pathologic factors to assist in establishing adequacy of excision
before radiotherapy in patients treated with breast-conserving
therapy,” International Journal of Radiation Oncology Biology
Physics, vol. 60, no. 1, pp. 86–94, 2004.
S. N. Goldstein, “Controversies in pathology in early-stage
breast cancer,” Seminars in Radiation Oncology, vol. 21, no. 1,
pp. 20–25, 2011.
M. Ghofrani, B. Tapia, and F. A. Tavassoli, “Discrepancies in
the diagnosis of intraductal proliferative lesions of the breast
and its management implications: results of a multinational
survey,” Virchows Archiv, vol. 449, no. 6, pp. 609–616, 2006.
E. Nizre, S. Schneebaum, J. Klausner, and T. Menes, “Current
Management practice of breast borderline lesions- need for
further research and guidelines,” American Journal of Surgery,
vol. 203, pp. 721–725, 2012.
O. E. Young, K. Valassiadou, and M. Dixon, “A review of
current practices in breast conservation surgery in the UK,”
Annals of the Royal College of Surgeons of England, vol. 89, no.
2, pp. 118–123, 2007.
J. Rosai, “Borderline epithelial lesions of the breast,” American
Journal of Surgical Pathology, vol. 15, no. 3, pp. 209–221, 1991.
S. J. Schnitt, J. L. Connolly, F. A. Tavassoli et al., “Interobserver
reproducibility in the diagnosis of ductal proliferative breast
lesions using standardized criteria,” American Journal of
Surgical Pathology, vol. 16, no. 12, pp. 1133–1143, 1992.
R. K. Jain, R. Mehta, R. Dimitrov et al., “Atypical ductal hyperplasia: interobserver and intraobserver variability,” Modern
Pathology, vol. 24, no. 7, pp. 917–923, 2011.
F. A. Tavassoli and H. J. Norris, “A comparison of the results of
long-term follow-up for atypical intraductal hyperplasia and
intraductal hyperplasia of the breast,” Cancer, vol. 65, no. 3,
pp. 518–529, 1990.
D. L. Page and L. W. Rogers, “Combined histologic and
cytologic criteria for the diagnosis of mammary atypical
ductal hyperplasia,” Human Pathology, vol. 23, no. 10, pp.
1095–1097, 1992.
S. R. Lakhani, I. O. Ellis, S. J. Schnitt, P. H. Tan, and M. J.
Van de Vijver, WHO Classification of Tumours of the Breast, 4th
edition, 2012.
T. M. A. Abdel-Fatah, D. G. Powe, Z. Hodi, J. S. Reis-Filho,
A. H. S. Lee, and I. O. Ellis, “Morphologic and molecular
evolutionary pathways of low nuclear grade invasive breast
cancers and their putative precursor lesions: further evidence
to support the concept of low nuclear grade breast neoplasia
family,” American Journal of Surgical Pathology, vol. 32, no. 4,
pp. 513–523, 2008.
S. Masood and M. Rosa, “Borderline breast lesions: diagnostic
challenges and clinical implications,” Advances in Anatomic
Pathology, vol. 18, no. 3, pp. 190–198, 2011.
P. R. Eby, J. E. Ochsner, W. B. DeMartini, K. H. Allison, S.
Peacock, and C. D. Lehman, “Frequency and upgrade rates of

5

[30]

[31]

[32]

[33]

[34]

[35]

[36]

atypical ductal hyperplasia diagnosed at stereotactic vacuumassisted breast biopsy: 9—versus II-gauge,” American Journal
of Roentgenology, vol. 192, no. 1, pp. 229–234, 2009.
L. Costarelli, D. Compagna, M. Mauri et al., “Intraductal
proliferative lesions of the breast—terminology and biology
matter: premalignant lesion or preinvasive cancer,” International Journal of Surgical Oncology, vol. 2012, Article ID
501904, 9 pages, 2012.
D. L. Page, W. D. Dupont, L. W. Rogers, and M. S. Rados,
“Atypical hyperplastic lesions of the female breast. A longterm follow-up study,” Cancer, vol. 55, no. 11, pp. 2698–2708,
1985.
W. J. Lennington, R. Jensen, L. Dalton, and D. Page, “Ductal
carcinoma in situ of the breast. Heterogeneity of individual
lesions,” Cancer, vol. 73, no. 1, pp. 118–124, 1994.
N. S. Goldstein, M. Lacerna, and F. Vicini, “Cancerization
of lobules and atypical ductal hyperplasia adjacent to ductal
carcinoma in situ of the breast: significance for breastconserving therapy,” American Journal of Clinical Pathology,
vol. 110, no. 3, pp. 357–367, 1998.
B. Fowble, A. L. Hanlon, A. Patchefsky et al., “The presence of
proliferative breast disease with atypia does not significantly
influence outcome in early-stage invasive breast cancer treated
with conservative surgery and radiation,” International Journal
of Radiation Oncology Biology Physics, vol. 42, no. 1, pp. 105–
115, 1998.
T. Greene, P. I. Tartter, S. R. Smith, and A. Estabrook, “The
signficance of surgical margins for patients with atypical
ductal hyperplasia,” American Journal of Surgery, vol. 192, no.
4, pp. 499–501, 2006.
S. Arora, T. S. Menes, C. Moung, C. Nagi, I. Bleiweiss, and
S. Jaﬀer, “Atypical ductal hyperplasia at margin of breast
biopsy—is re-excision indicated?” Annals of Surgical Oncology,
vol. 15, no. 3, pp. 843–847, 2008.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

