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ABSTRACT We report the design, fabrication and characterization of evanescent mid-infrared germanium-on-silicon waveguide sensors for therapeutic drug monitoring (TDM). The sensors incorporate a passive microfluidic confinement structure to define the light-sample interaction length. Tunable diode laser absorption spectroscopy was used to analyze dried samples of the anti-seizure medication phenytoin in the spectral region of λ = 5.6 – 6.0 µm. A limit of detection of 2.20 mg/L was achieved for extracted samples, where phenytoin was first added to human serum and subsequently isolated using liquid-liquid extraction. This limit is significantly below the therapeutic window of 10 – 20 mg/L for phenytoin, enabling detection of sub‑therapeutic concentrations. At the same time, the sensor maintains a consistent dose‑dependent response up to 40 mg/L, demonstrating its capability to quantify concentrations across the therapeutic window and above the upper therapeutic limit. This validates the use of silicon photonics for biomedical infrared spectroscopy for patients undergoing drug therapy, whether the serum-drug concentration is either too high or too low.	Comment by James Wilkinson: I wonder if this should be cut so it reads “This validates the use…” It is a more direct statement and doesn’t tell the reader whether to find something important or not.	Comment by Saul Faust: Although the sentence says “too high” or “too low”, the data here in the abstract only really addresses the “too low”. Is a sentence missing re consistently spectra allowing accurate level monitoring from x (lower) to y (upper) boundaries?	Comment by Milos Nedeljkovic: This is phrased confusingly ... it sounds like the concentration is too high and too low at the same time.

INTRODUCTION Therapeutic drug monitoring (TDM) is the process of measuring the concentration of a medicine from the serum of a patient receiving the drug to ensure safe and effective dosing. It enables a clinician to alter the dose and timing of the drug depending on whether the level is too high or too low. This is particularly important for drugs with a narrow therapeutic window that cause toxicity such as the anti-seizure medication phenytoin, used for the management of epilepsy.	Comment by Milos Nedeljkovic: "mediation" or "medication"?
Conventional analytical methods for performing TDM generally use laboratory techniques such as chromatography and mass spectrometry. Such methods require centralized infrastructure and specialist personnel to process samples and operate equipment. These methods have high batch efficiency, where many samples can be processed simultaneously, but systematically introduce delays of several hours for routine tests1. Immunoassay kits enable faster turnaround time by testing at the scale of individual patients but suffer from issues with specificity and cross-reactivity2 while remaining inherent laboratory-based methods because of their microplate format. In contrast, a point-of-care method operable by the non-expert user would enable clinicians to obtain the relevant information directly in hospital, primary care or in the homes of patients. This need for locally delivered testing aligns with current UK governmentGovernment policy driving a shift in NHS services from hospital‑based care toward community‑centered provision, aimed at improving access and reducing reliance on acute facilities3.	Comment by Dan Owens: Worth highlighting given the government emphasis on community care.
Optical methods are suitable for point-of-care implementation because the light-sample interaction is more easily automated and miniaturized in comparison with chemical methods. Two such methods are surface-enhanced Raman spectroscopy (SERS) and mid-infrared (mid-IR) absorption spectroscopy.
SERS exploits the highly intense electromagnetic fields of localized surface plasmon resonances for a strong interaction with a target molecule for detection, resulting in low limits of detection in TDM applications4-6. However, the reproducibility required for TDM is significantly impacted by the need for the analyte to occupy a nanoscale plasmonic resonance amidst the complexity of a biological matrix5. Furthermore, this small overlap makes multiplexing difficult due to competitive adsorption of different drugs onto the sensor surface6.
Mid-IR absorption spectroscopy using evanescent waveguide sensors has been investigated for applications including protein sensing7, 8, which could find application in cancer screening9, and illicit drug monitoring10. Cocaine was added to saliva and detected at 500 mg/L concentration using a single-wavelength measurement (λ = 5.8 μm) with a germanium-on-silicon (GoS) waveguide. This demonstrates that mid-IR photonics could be used for overdose detection in emergency medicine11, although the relevant limits of detection are much higher than for TDM.
We have chosen to implement mid-IR spectroscopy for TDM using integrated photonics because the platform enables the light-sample interaction to be tuned for appropriate sensitivity while using an interaction volume much larger than that of SERS, thereby avoiding the issues of poor reproducibility and difficult multiplexing. The platform is mass producible due to the fabrication methods of the microelectronics industry, enabling single use transducers to be produced instead of requiring microwell plate-based pipelines associated with immunoassays. Such miniaturized sensors also avoid the need for centralized laboratory infrastructure required for the large and expensive equipment required for LC-MS. 
One potential issue with mid-IR spectroscopy of biological fluids is interferents from the biological matrix, in particular water and protein, both of which have broad and intense absorptions in the mid-IR region12. In this work, we use a previously-reported extraction method for extracting hydrophobic drugs13, which removes the water and protein content from the sample and isolates the analyte in a solvent with fewer interfering spectral features. Although the extraction is performed in a laboratory, work is underway to automate this workflow using a microfluidic platform.
TDM is helpful for doctors to maintain the concentration of drugs within a safe and effective treatment range that can be individualized to each patient. Phenytoin is a good example as it has a narrow range between minimum effective concentration and toxic levels. Individual variability, because of age, genetics, organ function or other medications, can lead to significant shifts in serum concentrations. If the level is too low, seizures might not be controlled; if too high, there is a significant risk of toxicity causing neurological symptoms such as slurred speech and confusion, cardiac arrhythmias and even death developing rapidly, especially in the elderly or critically ill14. TDM allows for early identification of ineffective or harmful drug levels before symptoms occur. The therapeutic window of phenytoin15 is 10 – 20 mg/L.

METHODS Rib waveguides were designed for the GoS material platform using simulations in Lumerical (Ansys, USA). A parameter sweep of the rib width was used to design the waveguide for single mode operation across the wavelength range of the tunable laser source, λ = 5.5 – 11 µm. Because a range of rib widths satisfied this condition, the maximum width of 3.0 µm was used to give the greatest modal confinement, which would reduce sidewall interaction and the corresponding propagation loss. The waveguide height was 3.2 μm and the etch depth was 1.8 μm. Tapered edge couplers and waveguide bends were also simulated in Lumerical. The taper design was optimized for minimal coupling loss, widening from the waveguide width to 16 µm at the facets with a taper length of 3 mm. For waveguide bends, excess propagation loss is inversely proportional to bend radius so a minimum bend radius of 300 µm was chosen as a compromise between the compactness of the circuit and a manageable excess bend loss. The simulated excess bend loss was 0.1 dB per 90 bend for TM polarization and 0.54 dB per 90° bend for TE polarization. 	Comment by Milos Nedeljkovic: The waveguide height and etch depth should also be provided	Comment by Milos Nedeljkovic: We can provide a simulated loss here.
A 40 µm wide trench was etched into the germanium layer, matching the rib depth, to form the fluid‑confinement boundary. Each waveguide was created by etching two 20 µm wide trenches alongside the rib and the confinement trench was routed so that it intersected these waveguide trenches at right angles. The path of the confinement trench followed an obround loop measuring 6.5 mm by 2.5 mm, providing a physical barrier that pinned the droplet edge to prevent further spreading.	Comment by James Wilkinson: I found this difficult to follow, even after seeing the diagram (which they should probably have their attention drawn to earlier). I wasn’t sure what the 40 micron wide trenches were and how they related to the large obround well in the diagram. It also sounds like there were two etches performed to the same depth. Is that right? I think a bit more clarity (perhaps in the diagram) would help. Although as it didn’t really work maybe it could be even reduced to “An obround well was etched for fluid confinement and the photonic circuit was designed to that waveguides of various lengths…” That way expectations aren’t raised! 
The photonic circuit was designed so that waveguides of various lengths traversed this confinement zone, enabling different optical interaction lengths while keeping the total device length constant. This ensured that propagation and coupling losses remained identical for all channels. A schematic diagram of the layout is shown in Figure 1.
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[bookmark: _Ref216789929]Figure 1: schematic of the photonic integrated circuit showing how the confinement trench extends perpendicularly from the waveguide trenches, which are etched either side of the rib waveguide core. The waveguide ribs and confinement trenches are etched by 1.8 mm. 	Comment by Goran Mashanovich: 1.4 or 1.8 um? 
Devices were fabricated using 200 mm GoS wafers as part of a CORNERSTONE multi-project wafer fabrication run at the University of Southampton. Features were patterned using deep UV lithography and etched using inductively coupled plasma-reactive ion etching. The etched wafers were diced into chips using ductile dicing, which yielded facets of sufficient flatness to enable end-fire coupling into the tapered couplers.	Comment by James Wilkinson: This seems to come a bit late as you have already talked about etching. Perhaps up to here it is a bit confusing where you are discussing design and where fabrication. Maybe design should come first then fabrication starting with this statement and going on to the etching etc? Or make it clear that the paras before were all about design?	Comment by Milos Nedeljkovic: Was this a Cornerstone MPW run? If yes I suggest mentioning it.
A schematic of the measurement setup used to perform absorption spectroscopy is shown in Figure 2. Absorption measurements were performed with a MIRcat tunable quantum cascade laser (Daylight Solutions, USA), operating in continuous-wave mode across the wavelength range 5.6 – 6.0 µm. This range was selected to be wide enough to cover the phenytoin absorption peaks of interest13 while including narrow zero-absorption regions on either side to enable reliable baseline correction. At the same time, the scan range was sufficiently narrow to allow rapid wavelength sweeping of the laser source. The average output power of the laser was around 450mW (Class 3R), which posed a potential risk of damaging both the detector and the FLIR Boson mid-IR camera (FLIR, USA). To mitigate this, wedged neutral density (ND) filters were placed after the laser to attenuate the optical power. The wedged geometry further helped suppress unwanted back-reflections within the optical system. 	Comment by Milos Nedeljkovic: @Dave Rowe Do you think that it would make sense to include more information about the total optical system? What's the laser power, detector D*, optical power budget, waveguide total insertion loss? For the discussion, what's the main noise limitation? My feeling is that the sensing is covered well, but the photonics is missing a little bit, but we are planning to submit to ACS Photonics.
Since the rib waveguides were designed to operate under TM polarization for high surface interaction, a linear polarizer was placed after the ND filters to ensure high polarization purity of the incident beam. The beam was then focused onto the waveguide input taper using a reflective objective lens with 40× magnification and a numerical aperture (NA) of 0.5, providing a tightly focused spot and improved coupling efficiency into the waveguide. At the output side of the waveguide, a second reflective objective lens was used to collect the transmitted light and direct it to the mid-IR camera. The image from the mid-IR camera allows verification that the QCL laser excites the intended guided mode of the rib waveguide rather than undesired slab modes. Once correct mode excitation and alignment were confirmed, the transmitted beam was redirected to a HgCdTe photodetector (VIGO Photonics, Poland) via a foldable mirror, which exhibits a typical detectivity D* of ~4.0 × 10⁹ cm·Hz¹ᐟ²/W at its peak response, and the optical alignment was further optimized to maximize the detected power for spectral measurements. 	Comment by James Wilkinson: Maybe I am old-fashioned but I would prefer to have “objective lens” (and in other places).	Comment by James Wilkinson: I think it would be useful to say what the SQRT Hz refers to. I imagine it is receiver bandwidth and it would be good to state what this was. Does it relate at all to the 40Hz on the next page? 
All optical components were arranged in close proximity to avoid unnecessary beam propagation in air and so minimize the interaction length with environmental water vapour. This approach suppressed background absorption features to ensure that the measured spectrum was dominated by the waveguide-analyte interaction rather than environmental contributions. The total free space pathlength was approximately 120 cm.	Comment by James Wilkinson: Seems quite long. Do you think that fluctuations in absorption could have had any effect on the noise (or LoD??
For the spectral measurements, after the optimized alignment was found, the laser was swept linearly across the 5.6 – 6.0 µm wavelength range at a constant scan rate of 0.1 µm s⁻¹, resulting in a deterministic mapping between time and wavelength. Under this condition, the recorded detector signal represents a time-domain encoding of the optical absorption spectrum. To suppress high-frequency noise arising from electronic fluctuations and residual interference fringes while preserving the intrinsic absorption line shape, each individual wavelength scan was processed with a low-pass filter (LPF) procedure. The filter cut-off frequency was selected based on the narrowest absorption features of interest in this spectral region (on the order of 5 nm), corresponding to a characteristic temporal frequency of approximately 20 Hz at the applied scan rate. Accordingly, a cut-off frequency of 40 Hz was chosen to ensure full preservation of the absorption profile while reducing the high frequency noise. Filtering was implemented using a fifth-order Butterworth filter with zero-phase forward-backward processing to avoid phase distortion or artificial broadening of absorption features. To further improve the signal-to-noise ratio, the wavelength scan was repeated 100 times under identical experimental conditions. The filtered spectra from all scans were then averaged to reduce uncorrelated noise while maintaining reproducibility of the measured absorption features. The total insertion loss of the TDM chip was measured to be 16.2 dB.	Comment by James Wilkinson: I think it would be better to insert “laser” or just write “laser” rather than a trade name.	Comment by James Wilkinson: Was this for all waveguides on all chips, or an average? Might also need more info on how the insertion loss was measured. If you have the incident power, the loss, the noise and the detectivity then it may be possible to put a power budget and noise analysis together which supports the LoD? Perhaps what Milos would like. Though you would he to have absolute units for the power/absorption, not AU.
[image: ]
[bookmark: _Ref220573989]Figure 2: schematic of the measurement setup used to perform absorption spectroscopy. The TDM chips were mounted on a three-axis stage for alignment.
Phenytoin (≥ 98% purity; Cayman Chemical, US) was prepared in human serum (male AB plasma, USA origin, sterile‑filtered; Merck, UK) at concentrations of 5, 10, 20, and 40 mg/L. The solutions were subsequently extracted into ethyl acetate following a previously published method13. A blank serum control underwent the same extraction procedure but without the addition of phenytoin. 
The multistep extraction was used to remove major endogenous interferents from the serum solutions and can be summarized as follows. Lipoproteins were first precipitated by adding a magnesium chloride–dextran sulfate sodium solution, enabling removal of lipid‑bound components.  The supernatant was then treated with saturated ammonium sulfate to salt‑out albumin, which retains the protein‑bound phenytoin; the supernatant containing small water‑soluble molecules was discarded.  The albumin precipitate was resuspended in water and extracted twice with ethyl acetate to isolate phenytoin while removing remaining proteins.  The organic extracts were combined and the solvent was evaporated, and the dried residue was reconstituted in ethyl acetate for subsequent analysis.	Comment by James Wilkinson: Do we need to comment on whether this is OK for fast clinical use?
For each measurement, a reference spectrum was recorded by first measuring the power transmission spectrum of each waveguide. 0.5 μL of phenytoin sample was then pipetted onto the waveguide array and allowed to dry under ambient conditions. In practice, drying took several seconds. The waveguides were measured a second time in the same way to provide sample spectra. Absorbance was calculated as 10 log10 of the ratio of the sample and reference spectra. All samples were measured in triplicate; that is, aliquots of each sample were pipetted onto three waveguide arrays and characterized individually. A new waveguide array was used to characterize each aliquot.	Comment by Milos Nedeljkovic: I don't think you've said whether you're re-using the same waveguides, or whether you're using different copies of the  chip	Comment by Milos Nedeljkovic: How long did this take for each sample, approximately?
The noise of the system was estimated using the standard deviation of repeated measurements of the blank serum control. To achieve this, the entire measurement procedure, where 100 scans were filtered and averaged for a single spectrum, was repeated twenty times for each of three aliquots of the blank serum control for every waveguide.	Comment by James Wilkinson: Was this done for every waveguide?
 
RESULTS To explore the effect of interaction length on limit of detection (LoD) while efficiently using laboratory time, four waveguides were characterized for extracted phenytoin samples. Waveguide 6 had interaction length l = 3.44 mm, waveguide 8 l = 4.44 mm, waveguide 10 l = 5.44 mm and waveguide 12 l = 6.44 mm. Each waveguide had a total length of 11.79 mm.	Comment by James Wilkinson: Well, I am sure this was the intention but it didn’t really work out, so maybe rephrase just “To determine the limit of detection and observe dependence on waveguide length”. Might soften it a bit? Also, I am not sure whether the reader is interested in efficient use of lab time, even if it helps explain why only some waveguides were measured>	Comment by Milos Nedeljkovic: What were the total waveguide lengths outside of the interaction region?
Figure 3 shows the absorbance spectra for multiple concentrations of extracted phenytoin, measured using waveguides with different interaction lengths. The solid line represents the mean spectrum and the shaded areas represent ± one standard deviation, taken from the repeated measurements of each sample. Figure 4 shows the result of integrating the areas under the curves (AUC) in Figure 3 within the wavelength region 5.71 – 5.87 mm, covering the main phenytoin absorption peak, plotted with respect to concentration and again plotted for waveguides with different interaction lengths. Interference bands associated with water vapor from the free-space path of the experimental setup, shown as gray shaded regions in Figure 3, were excluded from the integration. For each subplot in Figure 4, the height of the shaded area represents the 3s noise limit, calculated from the AUC from the repeated blank measurements, where three aliquots of the blank sample were measured 20 times each. The LoD was calculated as the concentration corresponding to this 3s noise limit and is represented by the width of the shaded area.	Comment by Milos Nedeljkovic: Is more detail needed? E.g. how many repeated measurements?
[image: ]
[bookmark: _Ref216342291]Figure 3: absorbance spectra for multiple concentrations of extracted phenytoin. Each subplot represents a different waveguide corresponding to a different interaction length l. Error bars represent ± one standard deviation from measurements of multiple aliquots. The zero-concentration trace represents blank measurements where the extraction protocol was applied to serum that had not had any phenytoin added. The gray shaded regions show interference from atmospheric water vapor and are excluded from the subsequent AUC calculation.	Comment by James Wilkinson: Is this arbitrary units or absorbance units? If it was calculated as 10 log ratio of reference to sample then it doesn’t have to be arbitrary and one should be able to determine absolute power on the detector from this, the laser power and the waveguide loss? Or has some other normalisation been done?. 	Comment by Milos Nedeljkovic: Can you have both? you could write "length=??mm" on the second line of the legend	Comment by Milos Nedeljkovic: Do you need to say how many? I'm not sure I understand what the measurement of each aliquot is
[image: ]
[bookmark: _Ref216342379]Figure 4: AUC with respect to concentration for extracted phenytoin. Each subplot represents a different waveguide corresponding to a different interaction length. Error bars represent ± one standard deviation from measurements of multiple aliquots. The shaded area represents the 3s noise limit. The limit of detection (LoD; the width of the shaded area) is calculated as the concentration corresponding to an AUC equal to three times the standard deviation of the blank measurement (the height of the shaded area).	Comment by Milos Nedeljkovic: Is AUC defined?
Figure 4 shows that the lowest observed limit of detection is 2.20 mg/L, which lies below the therapeutic range of 10–20 mg/L. Across the full tested range, no saturation of the AUC–concentration response is observed; concentrations above 20 mg/L continue to yield a clear, monotonic increase in AUC, supporting reliable quantification both throughout and above the therapeutic window as well.

DISCUSSION Figure 4 shows optimum performance for detecting extracted phenytoin using the shortest two interactions lengths (waveguides 6 and 8) in terms of limit of detection, sample error and measurement noise. The best LoD is 2.20 mg/L, which is significantly lower than the therapeutic window of 10 – 20 mg/L for phenytoin and suggests that this method would be appropriately sensitive for TDM in cases where a patient is underdosed, which is clinically more likely than the patient having too high a dose. While the low LoD is particularly relevant for identifying sub‑therapeutic concentrations, the maintained dose–response up to 40 mg/L also indicates that normal and supra‑therapeutic levels can also be quantified.	Comment by James Wilkinson: This is a bit repetitive of the end of the results section. That might be OK, though they are quite close together.
The sample error increases with concentration, which suggests that accuracy is a constant percentage of concentration. The gradient of the fit line is virtually identical for all waveguides, suggesting the interaction length is not varying where typically one would expect a larger gradient for an increased interaction length for a given concentration. This is likely due to imperfect fluid control by the confinement trench. 	Comment by James Wilkinson: I can’t quite work out the reason this would be. Can we put forward a suggestion. The concentration should be the same for the 3 aliquots, the waveguides may be different but I can’’t tell if this would cause this. Is it possibly variability in drying?	Comment by James Wilkinson: Only meaningful if not arbitrary units?
This aligns with experimental observations that the confinement trench is much less effective at controlling the spread of liquids with low contact angles such as ethyl acetate compared to those with higher contact angles such as water, where droplet pinning is much stronger. In particular, the confinement trench does not prevent solvents from wicking along the waveguides themselves. This would explain why the light-sample interaction appears the same between all the waveguides and suggests that more sophisticated sample control is required for low contact angle samples. Suitable solutions could be mid-IR transparent claddings, where a window could be etched in the cladding to expose the desired length of waveguide, or microfluidic integration where a flow cell is bonded on top of the photonic chip.
The 3s measurement error, visually represented by the height of the shaded area in Figure 4, and the R2 value for the fit lines both increase with waveguide length. This suggests there is greater variation in interaction length for the longer waveguides, particularly waveguide 12, where the error bars of two of the measurement points do not overlap with the fit line. The fact that the LoD is lower for waveguide 12 compared to waveguide 10 is an artefact of the fit line being skewed by the 10 and 40 mg/L measurements.	Comment by James Wilkinson: I agree with Goran that it becomes a bit too negative from this point up to and including the para beginning “A third option” (which I would delete). Remember that you have proven that basically it works. Of course some things could be improved, they always can be, but I think a detailed exegesis of all the things that could be (or, dangerously, could have been) done better is not really necessary. I am happy to have a stab at reformulating this discussion if you would like me to). 
The increase in measurement variation with interaction length can be understood by considering how the droplet dries within the nested waveguide layout. When the sample is pipetted in the center of the confinement trench, it spreads to fill the sensing region. During this process, the droplet encounters several waveguides, which guide its flow and create slight variations in how the sample distributes. As the ethyl acetate evaporates, the analyte is deposited for measurement and characteristic drying phenomena such as the coffee‑ring effect shape its final distribution. The shorter interaction length waveguides near the center of the nested array benefit most from this geometry, showing the lowest variation. 
Importantly, these observations highlight clear opportunities for further improvement. For example, replacing the nested geometry with straight waveguides, where the droplet could spread along rather than across each waveguide, would support more uniform deposition. Introducing a mid-IR transparent cladding material to define a dedicated fluid cavity would mean the sample boundary is precisely set by design rather than by droplet shape. Completely flooding such a cavity would naturally enhance sample uniformity because it would introduce pinning at the cavity edge, suppressing radial capillary flow and making evaporative flux more uniform. Together, these refinements offer a straightforward route to improved measurement repeatability.	Comment by Milos Nedeljkovic: ?
The main factor limiting the LoD is interaction length: generally, the longer the interaction length for a given mode profile, the larger the measured absorbance. Longer interaction lengths would increase the gradient of the AUC-concentration response and so increase the LoD for given noise performance. Future work should include a longer range of interaction lengths, together with a cavity for liquid confinement, which would enable the interaction length to be optimized for LoD empirically. The measurements are not close to the noise floor of the detector so they are not limited by detectivity. Reflections are not a significant issue because there are not pronounced ripples in the spectrum, which would arise from Fabry-Perot resonances. 
The effect of fluctuations in the output power of the laser was reduced by averaging 100 scans per measurement but the laser performance will always be different between the reference and sample measurements because they are measured one after the other. A more sophisticated strategy where they are measured simultaneously would be beneficial. The most effective way to do this would be to use an on-chip splitter to divide the input into separate sensing and referencing waveguides. These could either be measured simultaneously using two balanced detectors or measured sequentially using a single detector by recombining into a single waveguide and switching between the two. The simultaneous measurements of the first method would enable cancellation of fluctuations in the laser output power but would be more challenging experimentally because of the need to have two optically isolated detectors close to each other. Using a single detector would be simpler experimentally but would require fast modulation between the two paths for effective cancellation to occur.
A third option would be to use a beam splitter before coupling to the TDM chip to measure the laser power directly. This was attempted using our setup but proved ineffective because waveguide coupling was heavily influenced by small variations in beam pointing from the QCL and this information could not be captured using a power meter or detector.
Here we have demonstrated that mid-IR silicon photonics has appropriate sensitivity for TDM of a single drug. In clinical practice, it is likely that a patient would not receive phenytoin alone. For example, they could also receive analgesics for pain relief or other anti-convulsants for seizure management, which would have different therapeutic windows and would be metabolized at different rates. This would require the sensor to operate over a wider spectral range to identify the characteristic peaks of each drug, which is important for quantification in situations where the peaks overlap. This is significant for future work using patient-derived samples rather than spiked samples because metabolites of the TDM target are likely to demonstrate overlapping spectral features with the analyte.
Polypharmacy will require further adaptation of the sample pre-processing. Ethyl acetate will dissolve many but not all hydrophobic drugs and it cannot dissolve hydrophilic molecules, including common drugs such as paracetamol or beta-lactam antibiotics. If TDM were necessary for these other targets, a different extraction process would be required, although if TDM were not necessary for the other drugs then the extraction process could be favorable by excluding them from the analyzed material.

CONCLUSION This work reports the design and validation of evanescent GoS waveguide sensors for TDM of phenytoin using spiked serum samples. The limit of detection was 2.20 mg/L, which is lower than the therapeutic window of 10 – 20 mg/L to enable identification of sub‑therapeutic concentrations. At the same time, the concentration‑dependent response remains consistent up to 40 mg/L, demonstrating that the platform can also quantify supra‑therapeutic levels and is suitable for monitoring across the full clinically relevant range. 
The confinement trench proved ineffective for controlling the spread of low contact angle samples and the nested waveguide design appears to cause some issues with sample homogeneity. Straight waveguides with cladding to define interaction length would rectify these effects. Future work will focus on validating mid-IR GoS sensors for TDM using a wider wavelength range for patient-derived samples containing metabolites and other drugs.	Comment by James Wilkinson: May be true but too negative for a conclusion. Accentuate the positive!
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