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Diffuse optical spectroscopy (DOS) and imaging are emerging
diagnostic techniques that quantitatively measure the concentra-
tion of deoxy-hemoglobin (ctHHb), oxy-hemoglobin (ctO2Hb), wa-
ter (ctH2O), and lipid in cm-thick tissues. In early-stage clinical
studies, diffuse optical imaging and DOS have been used to
characterize breast tumor biochemical composition and monitor
therapeutic response in stage II/III neoadjuvant chemotherapy
patients. We investigated whether DOS measurements obtained
before and 1 week into a 3-month adriamycin/cytoxan neoadju-
vant chemotherapy regimen can predict final, postsurgical patho-
logical response. Baseline DOS measurements of 11 patients before
therapy revealed significant increases in tumor ctHHb, ctO2Hb,
ctH2O, and spectral scattering slope, and decreases in bulk lipids,
relative to normal breast tissue. Tumor concentrations of ctHHb,
ctO2Hb, and ctH2O dropped 27 � 15%, 33 � 7%, and 11 � 15%,
respectively, within 1 week (6.5 � 1.4 days) of the first treatment
for pathology-confirmed responders (n � 6), whereas nonre-
sponders (n � 5) and normal side controls showed no significant
changes in these parameters. The best single predictor of thera-
peutic response 1 week posttreatment was ctHHb (83% sensitivity,
100% specificity), while discrimination analysis based on combined
ctHHb and ctH2O changes classified responders vs. nonresponders
with 100% sensitivity and specificity. In addition, the pretreatment
tumor-to-normal ctO2Hb ratio was significantly higher in respond-
ers (2.82 � 0.44) vs. nonresponders (1.82 � 0.49). These results
highlight DOS sensitivity to tumor cellular metabolism and bio-
chemical composition and demonstrate its potential for predicting
and monitoring an individual’s response to treatment.

diffuse optical imaging � frequency-domain photon migration �
near-infrared � tissue spectroscopy � translational research

Optimal management locally advanced breast cancer
(LABC) remains a complex therapeutic problem (1).

LABC represents 5–20% of all newly diagnosed breast cancers
in the United States with a higher incidence in medically
underserved areas (2). Treatment for LABC has evolved from
radical mastectomy to preoperative neoadjuvant chemotherapy
followed by mastectomy or breast conservation therapy (3).
Despite aggressive local therapy, long-term patient survival is
still poor. LABC remains controversial because of uncertainties
in determining the optimal intensity and duration of neoadjuvant
chemotherapy and evaluating therapeutic response (2, 4, 5).

Neoadjuvant chemotherapy response is determined by serial
physical examination, mammography and/or ultrasound. Complete
pathological response (cPR) is an important therapeutic endpoint
that is a surrogate for eradicating micrometastases, and strongly
correlates with patient survival (6). Thus one goal of neoadjuvant
chemotherapy monitoring is to determine early when a patient will
demonstrate cPR. Many studies revealed significant discrepancies
between clinical response assessments and final pathology (7–9).

A recent study (10) evaluating palpation, mammography, ultra-
sound, and MRI showed 19%, 26%, 35%, and 71% agreement,
respectively, with pathological response. Functional measurements
based on contrast-enhanced MRI (11), magnetic resonance spec-

troscopy (12, 13), and positron-emission tomography (14, 15) have
shown substantial improvement over conventional anatomic assess-
ment methods. However, these techniques can be difficult to
perform in advanced-stage cancer patients because of lengthy scan
times and the use of exogenous contrast, particularly if frequent
measurements are desired.

Diffuse optical spectroscopy (DOS) is a noninvasive, bedside
technique that quantitatively measures near-infrared (NIR) ab-
sorption and reduced scattering spectra. Absorption spectra deter-
mine the tissue concentration (ct) of oxygenated (ctO2Hb) and
deoxygenated hemoglobin (ctHHb), water (ctH2O), and bulk lipid,
the dominant NIR molecular absorbers in breast. DOS does not
require exogenous contrast and rapidly (e.g., tens of seconds)
provides quantitative, functional information about tumor bio-
chemical composition, making it desirable from a patient perspec-
tive. Typically DOS samples a low number of spatial locations with
a large spectral bandwidth. In contrast, diffuse optical imaging
(DOI) typically samples a large number of spatial locations but with
low spectral bandwidth. The relationship between DOS and DOI
is comparable to that of magnetic resonance spectroscopy and
MRI.

We recently reported the use of DOS to track tumor response to
neoadjuvant chemotherapy in a human subject (16). DOS mea-
surements were performed during neoadjuvant chemotherapy
treatments, similar to the ones reported here. Changes in tissue
biochemical composition were quantified over a three-cycle, 68-day
adriamycin/cytoxan (A/C) regimen. Significant reductions in total
tumor hemoglobin (ctTHb) and water content of 56% and 67%,
respectively, were observed by the final treatment (17). Lipids
increased by nearly 28%. Recent DOI studies supported these
findings by coregistration with established imaging techniques after
long-term treatment (18–20).

An important finding in Jakubowski et al. (16) was that significant
changes in NIR optical properties occurred within a few days of the
initial treatment. In this article, we report results from an expanded
11-patient study focused on correlations between tumor functional
properties and final pathological response. Our goal is to provide
quantitative functional information that could be used both before
and during therapy to optimize individual patient response, eval-
uate novel dosing regimens, and assist the development of exper-
imental therapeutics.

Results
Tumor Versus Normal Spectra. NIR spectra of breast tissues were
acquired noninvasively with a handheld probe (Fig. 1) at discrete
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